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ABSTRACT 

A healthy in utero environment is essential for achieving optimal outcomes for women and their 

children. Gestational weight gain (GWG) has been shown to impact current and future maternal-

infant health outcomes. Suboptimal weight gain during pregnancy (defined by the Institute of 

Medicine GWG guidelines) has been linked to several complications and is implicated in the 

inter-general cycle of obesity. Understanding contributors to GWG and intervening during 

pregnancy with healthy behaviour strategies may have a multi-generational effect for chronic 

disease prevention. The objective of the first study of this thesis was to examine the association 

between i) eating habits during pregnancy, ii) advice from family or friends about GWG, and iii) 

personal effort to stay within weight gain limits, and meeting GWG recommendations. Cross-

sectional data were collected from pregnant and postpartum women who responded to the 

validated electronic maternal (EMat) health survey. Regardless of receiving advice about GWG, 

women self-reporting less healthy eating habits in pregnancy than before pregnancy, receiving 

advice from family/friends about GWG, and lower personal effort to stay within guidelines, had 

an increased odds of weight gain discordant with recommendations. The objective of the second 

study was to assess the short-term effect of the SmartMoms Canada application (app) usage on 

promoting adequate GWG and healthy behaviours. SmartMoms Canada is an app-based 

intervention designed to help pregnant women adhere to GWG guidelines and improve healthful 

behaviours. Pregnant women using the SmartMoms Canada app more frequently had a higher 

moderate-to-vigorous physical activity daily average when compared with women with a lower 

usage. Together, the EMat and SmartMoms results from this thesis contribute to identifying and 

mitigating potential factors associated with discordant GWG and healthy behaviours.  
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CHAPTER 1 

1.1 INTRODUCTION 

The physiological demands of pregnancy operate as a stress test for life,1 and 

unfortunately, developing complications throughout this period can impact current and future 

maternal-infant health outcomes.2,3 In 1990, Dr. David Barker started reporting epidemiological 

findings highlighting the importance of long-term programming in early life that begins in 

utero.4 A multitude of different study designs and outcomes have indicated that the intrauterine 

environment may be associated with downstream diseases.5 An important marker during 

pregnancy associated with maternal health and fetal development is gestational weight gain 

(GWG). 

Women who gain weight suboptimally during pregnancy (defined by Institute of 

Medicine [IOM] GWG recommendations)6 are at risk of several health complications such as 

hypertensive disorders of pregnancy,7 large- and small-for-gestational-age (LGA and SGA 

respectively) neonates8 as well as the perpetuation of an inter-generational cycle of obesity.6,9-13 

Annually, almost 70% of pregnant women in Canada are outside the IOM GWG guidelines at the 

end of their pregnancy.14 Evidence from systematic reviews summarizes that lifestyle 

interventions during pregnancy have the potential to prevent women from gaining above or 

below GWG recommendations,15-19 experiencing postpartum weight retention15,19 and 

developing perinatal complications (e.g., preeclampsia and gestational diabetes).20,21 

The magnitude of energy imbalance is an important factor in achieving adequate GWG, 

and consequently, other more favourable pregnancy outcomes.22 This magnitude of energy 

imbalance will depend on the association between energy intake, energy expenditure (necessary 
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to support maternal and fetal metabolism), and energy storage (fetal growth and accumulation of 

energy depots during pregnancy). Energy intake requirements during pregnancy are defined as 

dietary intake necessary to supply energy expenditure as well as to promote optimal fetal 

development and accommodate for specific maternal adaptations during pregnancy (e.g., breast 

tissue, uterus, placenta).6 Individual pregravid weight and physiological demands of pregnancy 

in each trimester may differentiate energy requirements between women and must be considered 

for GWG management.22 

Eating behaviours, such as restrained eating and cravings, have been associated with the 

risk of suboptimal GWG.23 A systematic review looking at macronutrient composition and GWG 

found a consistent small-to-moderate association between higher energy intake and excessive 

weight gain during pregnancy.24 GWG may also vary according to physical activity levels. 

Although GWG can be managed by being active,15 less than 30% of women are considered 

physically active throughout pregnancy.25 Women spend over 50% of their day sedentary during 

pregnancy, and this number increases as gestation progresses.26 Pregnant women also face 

challenges related to their sleep patterns, as sleep duration is habitually lower than non-pregnant 

women.27 Fewer hours of sleep during pregnancy are associated with higher blood glucose 

levels, and maternal fat gain.28,29 

Plante et al.23 proposed a relationship model in which psychosocial factors are also 

indicated as important components indirectly contributing to GWG. Psychosocial factors that 

have been described as key predictors of GWG include social context, negative body image, and 

personal efforts/attitudes toward weight.23,30-32 Recently, work from our research team33 showed 

that more than half of women self-reported that they were not making a conscious effort to meet 

GWG recommendations. Our research group has also identified that women with low self-
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efficacy, and external locus of control (e.g., weight gain perception as beyond their control) were 

less likely to achieve guideline-concordant GWG.34 

Randomized controlled trial evidence shows that an in-person lifestyle intervention may 

increase physical activity levels of women entering pregnancy with a normal body mass index 

(BMI) or previously physically active; however, this intervention-effect is dependent on 

participants’ adherence to the exercise program among women who have an overweight/obesity 

pre-pregnancy BMI and were inactive before pregnancy.35 Exploratory analyses from an 

intervention to manage GWG through physical activity and nutritional information reported 

significant lower energy intake pre- and post-intervention in women with pre-pregnancy 

overweight/obesity.36 A recent systematic review of meta-analyses showed a consistent 

association between decreased GWG mean and physical activity/diet interventions.37 During the 

COVID-19 pandemic, virtual exercise group programs were also created to improve maternal 

outcomes during pregnancy.38 However, group or in-person interventions do not typically 

provide timely personalized advice to participants and have limited scalability. Financial 

limitations and geographical barriers may also prevent many women from achieving adequate 

GWG and healthful behaviours. 

An alternative model for delivering interventions to promote optimal GWG and 

behaviours throughout pregnancy is the mobile health (mHealth) approach, which is valuable for 

addressing healthy eating and increasing physical activity levels in pregnant women.39-41 

Systematic reviews have demonstrated that mHealth programs designed for a non-pregnant 

population can help participants make behavioural changes and subsequently, manage their 

weight.42,43 mHealth tools offer many benefits, including being interactive and offering 

personalized options. Additionally, mHealth can be delivered anywhere at a time most 
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convenient for the user, thus offering potential cost-effectiveness and eliminating time or 

accessibility barriers.39,44,45 Although the availability of applications (apps) designed to improve 

physical activity is increasing, the quality and use of evidence-based information to build these 

tools are still low.46 There is a lack of readily available and cost-effective mHealth options 

providing access to evidence-based information to manage GWG, nutrition, physical activity, 

and sleep for pregnant women. 

 

1.2 INTRAUTERINE ENVIRONMENT AND GESTATIONAL WEIGHT GAIN 

Several physiological adaptations occur in a woman’s body during pregnancy that may 

impact future maternal and neonate health.47 The fetal development and adaptions occurring in 

the intrauterine environment can lead to early programming that may influence prenatal growth 

and postnatal metabolism and disease risk, such as obesity.4 Obesity is a chronic disease defined 

by excessive fat accumulation that represents a risk to health.48 Besides the global adult obesity 

epidemic, the percentage of children living with obesity is increasing worldwide.49 In 2019, the 

number of children under the age of 5 years with obesity or overweight in the world was 

estimated to be 38.2 million (~5%).48 Children living with obesity may experience disorders such 

asthma50 and fatty liver disease.51 Obesity during childhood or early life is also a risk factor for 

long-term chronic diseases.52,53 Childhood obesity is a current public health challenge. A set of 

global targets aiming to prevent early life obesity are in place in several countries.54 To mitigate 

this epidemic, guidelines on physical activity, sedentary behaviour and sleep have been 

developed for children.55 However, systematic review evidence from animal studies,56 

observational cohorts57, and interventions58 show that the intrauterine environment influenced by 
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maternal conditions including pre-pregnancy BMI59 and GWG9 may increase the risk of 

overweight and obesity across childhood. The findings from Voerman et al.9 suggest that 

excessive GWG is associated with 39-72% increased risk of overweight throughout childhood. 

Therefore, periconceptional and pregnancy factors should be also considered in the prevention of 

obesity. 

Excessive GWG has been associated with risk of obesity in young children.60 

Complications of suboptimal GWG include SGA or LGA neonates, high postpartum weight 

retention, and subsequent downstream obesity in women and their infants.61,62 While GWG is an 

expected outcome of pregnancy, gaining too little or too much weight may negatively affect the 

health of both women and their children. In 2009, the IOM released a re-examined version of the 

weight gain during pregnancy guidelines6 to reflect the demographic changes observed in 

obstetric populations since 1990. These updated guidelines provide a recommended total and 

weekly ranges of GWG according to women’s pre-pregnancy BMI (Table 1). 

Table 1. 2009 Institute of Medicine Weight Gain Guidelines using pre-pregnancy BMI 
 Total Weight Gain Rates of Weight Gain* 

2nd and 3rd Trimester 

Pre-pregnancy BMI Range 
in kg 

Range 
in lbs 

Mean (range) 
in kg/week 

Mean (range) 
in lbs/week 

Underweight (<18.5 kg/m2) 12.5-18 28-40 0.51 (0.44-0.58) 1 (1-1.3) 
Normal weight (18.5-24.9 kg/m2) 11.5-16 25-35 0.42 (0.35-0.50) 1 (0.8-1) 
Overweight (25.0-29.9 kg/m2) 7-11.5 15-25 0.28 (0.23-0.33) 0.6 (0.5-0.7) 
Obese (≥30.0 kg/m2) 5-9 11-20 0.22 (0.17-0.27) 0.5 (0.4-0.6) 

BMI: Body Mass Index. *Calculations assume a 0.5-2 kg (1.1-4.4 lbs) weight gain in the first 
trimester. 

The prevalence of women gaining above or below the GWG guidelines in Canada is around 

50% and 20%, respectively.11,14 Women falling outside weight gain recommendations during 

pregnancy experience metabolic and physiological changes that may result in adverse outcomes 

(e.g., gestational hypertension, preeclampsia, and gestational diabetes) associated with premature 
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cardiovascular disease63,64 and increased risk of metabolic and vascular diseases in later life.3 

Women with pre-pregnancy overweight and obesity are at greater risk of exceeding their weight 

gain recommendations given the smaller absolute range.65 Excessive GWG has been found to be 

a significant predictor of postpartum weight retention and long-term weight gain in women after 

pregnancy.66-68 Women who fall above GWG guidelines are more likely to enter subsequent 

pregnancies at a higher body weight,69-71 putting themselves and the fetus at greater risk of 

complications.72 Although excessive GWG is more prevalent, gaining below guidelines (i.e., 

inadequate GWG) is also associated with several downstream risks, such as premature birth, and 

SGA neonates.23,73 Thirty-six randomized trials including data from 16 countries were recently 

combined by the International Weight Management in Pregnancy collaborative group and 

showed that women who exceed GWG guidelines have an increased risk of cesarean section and 

delivering LGA neonates. On the other hand, women who gained inadequate weight had a higher 

odds of preterm birth and SGA neonates when compared to women who met the guidelines.8 

Therefore, optimizing guideline-concordant GWG is essential in improving maternal-fetal health 

outcomes. 

 

1.3 BEHAVIOURS DURING PREGNANCY 

1.3.1 Eating 

Adequate nutrition with a balanced diet, including both micro- and macro-nutrients, is 

essential for healthy fetal development.74 Malnutrition, either under- or overnutrition, has been 

shown to impact fetal metabolic pathways and increase the risk of childhood and adult diseases 
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beyond the neonatal period.74,75 Poor maternal dietary habits throughout pregnancy have also 

been linked to a higher likelihood of postpartum weight retention.76  

The energy intake requirements during pregnancy represent those necessary to sustain 

adequate development of maternal tissues (e.g., breast, uterus, placenta) and the fetus.6 These 

requirements involve the energy intake necessary to support the energy expended by women and 

their fetus and to guarantee sufficient energy to support the process of fetal and maternal tissue 

growth. Regardless of the pre-pregnancy BMI, women are expected to gain between 0.5 and 2.0 

kg until 13 gestational weeks.6 Based on a conservative estimation of the energy density 

associated with overall weight gain, a greater amount of ~40.7-162.6 kcal/day may be required 

for weight gain in the first trimester.77,78 However, studies are lacking that detail the specific 

composition of GWG during early pregnancy. What is known is that gaining more fat mass will 

increases energy requirements to a larger extent.79,80 

 In general, pregnant women are required to increase their caloric intake by approximately 

340 and 450 kcal per day during the second and third trimesters, respectively.6 This increase in 

the energy requirements is primarily due to weight gain and higher metabolic rate associated 

with maternal cardiac output and fetal metabolism throughout mid and late pregnancy.22 

However, a study evaluating energy balance during pregnancy stated that the mobilization of 

maternal fat mass in pregnant women with obesity compensates for the energy demand produced 

by the pregnancy and growing fetus.22,81 Delivering information about nutrition to pregnant 

women should be individualized, accounting for the woman’s activity level, pre-pregnancy BMI, 

and optimal GWG. 

1.3.2 Physical activity 
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Physical activity during pregnancy is safe for women without specific contraindications 

to exercise.82,83 Like the general population, adopting or continuing an active lifestyle is highly 

beneficial for pregnant women.11,83 Regular physical activity improves many pregnancy 

outcomes, such as better weight management, reduced risk of gestational diabetes, and improved 

psychological health.20,83-85 Pregnant women without contraindications to exercise should be 

encouraged by their health care providers (HCP) to engage in physical activity practices to 

support maternal and fetal health.82,86,87 Contraindications to exercise during pregnancy include 

pre-conceptional conditions (e.g., uncontrolled type I diabetes and hypertension) and 

complications developed during gestation such as preeclampsia and placenta praevia.83 

From 24 meta-analyses exclusively focused on physical activity interventions, 19 

reported a significant decrease of mean GWG.37 The risk of developing gestational diabetes for 

women exposed to physical activity interventions during pregnancy is also reduced with reported 

odds ratio (OR) of 0.33 (95% confidence interval [CI]=0.14-0.76)88 to relative risk (RR) equal to 

0.83 (95% CI=0.69-1.00)89 in the current literature. Other than maternal outcomes, substantial 

meta-analysis evidence illustrates that leisure-time physical activity during pregnancy is 

associated with a lower likelihood of LGA neonates.90 

The Canadian Society for Exercise Physiology and the Society of Obstetricians and 

Gynaecologists of Canada and Health Canada provided evidence-based recommendations 

through the ‘2019 Canadian Guideline for Physical Activity throughout Pregnancy’, regarding 

exercise during pregnancy in the promotion of maternal, fetal and neonatal health.83 In summary, 

regular physical activity is safe, beneficial in managing GWG, and may prevent maternal and 

fetal comorbid conditions.11,15,91 Given that pregnant women often do not receive appropriate 

information or guidance about exercise during the prenatal period,92 the access to evidence-based 
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physical activity recommendations during pregnancy is imperative to help women achieve 

healthy outcomes. New intervention designs should focus on providing a cost-effective and 

frequent delivery of physical activity information that will help pregnant women to adhere to and 

maintain an active routine. 

1.3.3 Sleep 

Pregnancy changes associated with maternal diet and physical activity level are well 

established; however, physiological modifications during pregnancy are also associated with 

sleep.47 Although sleep patterns during pregnancy are typically similar to those in non‐pregnant 

women,93 there are important differences to be considered.94 Data collected via 

polysomnography (i.e., sleep study) in perinatal women showed an increase in awake times, 

differences in total sleep time (compared to those in non‐pregnant women and across pregnancy), 

an increase in slow‐wave sleep, and a decrease in REM sleep across pregnancy.95-98 In general, 

total sleep time decreases from the first to third trimester, and sleep duration is shorter during 

gestation, when compared with the non-pregnancy period.27,99 

Disordered sleep during pregnancy is expected, but the risk of developing maternal or 

fetal complications associated with poor sleep is not well publicized, and should be addressed by 

HCP.100 Approximately 12% of pregnant women are affected by insomnia in early pregnancy, 

with rates as high as 75% in late pregnancy.101,102 The risk of obstructive sleep apnea-hypopnea 

increases from 10% in mid-pregnancy to 90% in the late period.103,104 There is a lack of 

information available in the literature on the physiological consequences associated with poor 

sleep; however, research suggests that overall poor sleep during pregnancy may increase 

inflammatory and cell stress pathways.105  
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Five dimensions of sleep health have been proposed: 1) Subjective satisfaction; 2) 

Appropriate timing; 3) Adequate duration; 4) High efficiency; and 5) Sustained alertness during 

waking hours.106 One third of the studies identified by Ladyman and Signal107 in a scoping 

review about sleep health and pregnancy have used the Pittsburgh Sleep Quality Index (PSQI) to 

measure sleep quality. It is expected that women will have a higher prevalence of poor sleep 

quality (PSQI³5) than men, with an PSQI average equal to 5.7 (PSQI range: 0-21).108 For 

instance, a meta-analysis evidence reported a PSQI average during overall pregnancy of 6.07 and 

that 45.7% pregnant women experience poor sleep quality with an increase of 1.68 in the PSQI 

average between second and third trimesters.109 

Poor sleep quality during early pregnancy has been associated with birth complications 

such as premature rupture of membranes (adjusted RR=1.12, 95% CI=1.00-1.25).110 In late 

pregnancy, lower sleep quality and shorter sleep have been associated with increased maternal 

fat gain.29 Fewer hours of sleep is also linked to higher glucose levels.28 Sleep disturbances 

during pregnancy, including poor sleep quality, extreme sleep duration, insomnia symptoms, 

restless legs syndrome, subjective sleep-disordered breathing and diagnosed obstructive sleep 

apnea, are associated with high risk of several maternal and fetal complications, such as 

preeclampsia (OR=2.80, 95% CI=2.38-3.30), gestational hypertension (OR=1.74, CI 95%=1.54-

1.97), gestational diabetes (OR=1.59, 95% CI=1.45-1.76), cesarean section (OR=1.47, 95% 

CI=1.31-1.64), preterm birth (OR=1.38, 95% CI=1.26-1.51), LGA neonates (OR=1.40, 95% 

CI=1.11-1.77), and stillbirth (OR=1.25, 95% CI=1.08-1.45).111  

Mind-body interventions (e.g., mindfulness, yoga) have been effective in helping other 

populations improve sleep.112,113 However, their impact is still unknown in pregnant women. A 

recent systematic review on interventions for sleep problems during pregnancy reported a lack of 
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studies focused on improving sleep quality in these women.114 Since most sleep problems are 

amenable to treatment, the adoption of new strategies to promote sleep health during pregnancy 

is needed to prevent adverse maternal and fetal outcomes. One potential alternative is the use of 

mHealth intervention programs.  

 

1.4 WHY A MOBILE HEALTH INTERVENTION? 

Pregnant women have reported receiving insufficient guidance and often no information 

on healthy behaviours from HCP.115-118 Meanwhile, HCP also lack simple, evidence-based tools 

to support counselling on healthy weight gain.119 Reaching the population using only in-person 

provider-based delivery of weight management is challenging and could strain the current health 

care system. Thus, new, creative methods for delivering health information are needed, and 

mHealth may be an ideal modality. Fortunately, Canada is the world leader in online engagement 

and smartphone penetration, with 99% of the population having access to wireless networks and 

90% owning a mobile phone.120,121 At least one smartphone app is used by more than 80% of 

women in their childbearing years.120 In 2012, 96% of pregnant women had already indicated 

interest in receiving guidance on prenatal care through their phone.122 Women are seeking 

personalized support to assist them in staying within their GWG targets and are receptive to 

novel approaches.123 

A substantial body of evidence suggests a key role for physical activity, diet, and mixed 

approach interventions in the promotion of adequate GWG.21 Nevertheless, these interventions 

may be costly and time-consuming for both HCP and patients. A cost-effective alternative to 

overcoming limitations of standard prenatal care is the adoption of mHealth tools.124,125 Web-

based interventions, as a stand-alone service or as an initial program in a stepped care model 



 

 12 

with more intensive in-person services, are considered a cost-effective option for health care 

dissemination.126 

According to the United Nations, 6 of 7 billion people worldwide have a mobile phone 

subscription.127 Mobile devices are widely used by pregnant women120,128 and the 

implementation of interventions through these technologies can provide ‘real-time’ and 

personalized care. A systematic review on digital health interventions targeting diet, physical 

activity, and weight gain during pregnancy extracted 11 studies between 2012 and 2020.129 Three 

app-based studies were identified130-132 and their main outcomes included GWG130,132 and 

physical activity131. No Canadian mHealth intervention using an app to manage GWG and 

healthy behaviours throughout pregnancy was reported (all studies conducted in the United 

States). 

Although one pilot study by Choi et al.131 aiming to increase physical activity during 

pregnancy through a mHealth program found no statistically significant differences between 

intervention and control groups; participants seem to accept the use of an app to promote 

physical activity. The literature is inconsistent regarding the effectiveness of mHealth 

interventions to reduce excessive GWG. Dahl et al.130 have found that the use of a mobile app 

may facilitate healthy behaviour change; however, the effect of the intervention on preventing 

discordant GWG was not significant. In contrast, the study performed by Redman et al. 

identified that fewer women in the mHealth intervention group exceeded guidelines compared to 

the standard care control group.132 

Recent research has shown that pregnant women, regardless of socioeconomic level or 

ethnicity, are willing to use dietary and exercise information from digital interventions to assist 

them with engaging in a healthy lifestyle.133 Women in the perinatal period are consistently 



 

 13 

looking for ‘right time’ information and hope that mHealth tools will help HCP accessing their 

data.134 Recommendations from mHealth tools to help women meet the guidelines for weight 

gain during pregnancy have been considered valuable by users135 and are associated with 

decreasing GWG in participants living with overweight and obesity before pregnancy.136  
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CHAPTER 2 

2.1 RATIONALE AND RELEVANCE OF STUDY 

Weight management and adoption of healthful behaviours in pregnancy are an important 

intervention target, especially as women who have difficulty adhering to these practices place 

themselves and their children at increased health risks. Pregnancy represents the ideal period for 

the prevention of chronic diseases. Energy intake requirements during pregnancy should provide 

additional energy to achieve appropriate rates of GWG and, consequently, optimal fetal and 

maternal tissue growth. Researchers postulate that there is a robust link between gaining weight 

outside the recommendations, poor dietary behaviours, and lack of nutrition knowledge. 

Increasing physical activity levels during pregnancy can, among other health benefits, improve 

GWG outcomes, though few women are considered physically active throughout pregnancy. 

Pregnant women also face challenges related to their sleep patterns, as sleep duration is 

habitually lower than non-pregnant women. 

Addressing weight management issues during pregnancy is challenging, and doing so 

practically and effectively, requires the identification and targeting of potential contributors to 

discordant GWG. Moreover, knowing that in-person/face-to-face provider-based delivery of 

weight management interventions has been impractical for reaching a national population, it is 

necessary to test alternative approaches to target behaviours contributing to a healthy pregnancy, 

including GWG. As such, this thesis investigates correlates of GWG using two strategies. First, 

data from the Electronic Maternal (EMat) health survey, designed to identify and explore 

pregnancy behaviours related to GWG, were examined to analyze the association between (i) 

eating habits during pregnancy, (ii) advice from family or friends about GWG, and iii) personal 
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effort to stay within weight gain limits, and meeting GWG recommendations. Second, we 

analyzed potential benefits offered by our team’s recently developed SmartMoms Canada 

mHealth program. The SmartMoms Canada intervention responds to the gap of readily available 

access to evidence-based and personalized information to promote healthy lifestyle for pregnant 

women. In combination, data gathered from these studies help inform future interventions that 

will assist with healthful behaviours and weight gain management during pregnancy. 

 

2.2 THESIS OBJECTIVES 

Considering the maternal-fetal health risks associated with gaining above or below GWG 

guidelines, this thesis project aimed to: 

1) Analyze the association between i) eating habits during pregnancy, ii) advice from family 

or friends about GWG, and iii) personal effort to stay within weight gain limits, and 

meeting GWG recommendations using a previously validated questionnaire called the 

EMat health survey. 

2) Assess the effectiveness of the SmartMoms Canada mHealth program in helping women 

achieve adequate GWG and adhere to healthful behaviours related to nutrition, physical 

activity, and sleep. 

 

2.3 THE ELECTRONIC MATERNAL HEALTH SURVEY 

The EMat health survey is a comprehensive questionnaire designed to examine factors 

that may impact GWG (i.e., contributors to weight management).137 A vigorous methodology 

was adopted for the development of this questionnaire with a panel of experts to validate its 
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content. The EMat survey was based on the following six constructs: 1) Health Practices, 2) 

Pregnancy Weight, 3) Physical Activity, 4) Diet, 5) Pregnancy Intentions, and 6) Diet and 

Weight Gain Perceptions.137 For the present thesis analysis, specific questions about GWG 

counselling by HCP (construct 1), weight self-perception and social network advice (construct 

2), and general diet habits (construct 4) were analyzed. 

The psychological theoretical framework selected to develop this comprehensive 

questionnaire was the Social Cognitive Theory (SCT).138 This theory outlines the association 

between predictive and modifiable factors and behaviour change.32 The main concept in SCT is 

reciprocal determinism,138 which is a response from the interaction of individual experiences, 

behaviour, and social context. Heath behaviour studies considered five main components within 

the SCT as modifiable: 1) Self-efficacy, 2) Locus of control, 3) Perceived barriers, 4) Outcome 

expectations, and 5) Social environment.138 These variables guided the inclusion of questions 

related to key psychological predictors of GWG in the EMat survey. 

The target population of this maternal health questionnaire was pregnant or postpartum 

women. Inclusion criteria for eligibility in the EMat study were: i) reporting a live birth in the 

year after the 2009 IOM guidelines6 were published, ii) aged 18 years or older, and iii) expecting 

a single fetus. Reponses were collected between 2014-2018 and captured in the REDCapÔ 

secure data tool. 

 

2.4 SMARTMOMS CANADA 

The SmartMoms Canada app represents a mHealth intervention program delivering real-

time prenatal weight management and healthy behaviours guidance and support. The primary 
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objective of this intervention is to assess the effectiveness of the SmartMoms Canada program in 

helping women adhere to GWG guidelines and prevent pregnancy-related complications. This 

mHealth intervention also aims to assess program feasibility, and determine to what degree the 

SmartMoms Canada app impacts the adoption of healthful behaviours related to nutritional, 

physical activity and sleep habits, improves health-related quality of life (HRQoL), and 

symptoms of depression. Inclusion criteria are being a pregnant woman, aged between 18-40 

years, carrying a single fetus, with pregravid BMI between 18.5 and 39.9 kg/m2, less than or 

equal to 20 weeks of gestation, and living in Canada. 

The SmartMoms Canada app provides automated, tailored feedback that is based on the 

IOM guidelines,6 various national evidence-based pregnancy-related guidelines, and considers 

participant data gathered from Wi-Fi enabled accessories (Fitbit® device, Withings® scale). 

SmartMoms Canada releases real-time personalized recommendations and goals for self-

management of GWG. We have also included sleep content with guidance related to the 

adoption of healthful sleep patterns, a known contributor to weight management.139,140 All 

interaction with participants occurs through intervention features. The SmartTips feature, which 

drives the intervention, outlines clinically important information bullets. Other contents of this 

mHealth tool include: 1) Health page: the flagship features of the app (weekly GWG ranges 

according to the participant pregravid BMI, resting heart rate, hours of sleep, and steps) will be 

displayed in the health page; 2) Exercise database: includes stretching, warm-up and an extensive 

list of recommended, safe exercises (with video or photo guidance) for women during 

pregnancy. This page includes evidence-based information from the 2019 Canadian guideline for 

physical activity throughout pregnancy83 as well. Also, a list of local physical activity resource 

centres/facilities (i.e., walking parks) will be displayed by the app; and 3) Dashboard: greeting 
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the participants with a description of the baby’s development characteristics for each gestational 

week. Figure 1 includes some features of the SmartMoms Canada app. 

 

Figure 1. Screenshots showing some features from the SmartMoms Canada app 

Participating women are provided with the SmartMoms Canada app to be installed on 

their mobile device, and the associated Wi-Fi enabled accessories during their first assessment. 

These accessories monitor body weight (Withings® Body+ Wi-Fi scale), and daily nutrition 

intake, physical activity, and sleep patterns (Fitbit® Charge 2 activity tracker). This intervention 

is divided in six main assessments, three during pregnancy (12-20, 24-28 and 36-40 gestational 

weeks) and three after giving birth (6 weeks, 6 and 12 months postpartum). In each of these time 

points, participants are asked to complete online questionnaires. Although some questionnaires 

may differ between assessments, participants are required to complete validated surveys 
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regarding physical activity (Godin Leisure Time Exercise), sleep quality (PSQI), HRQoL, and 

depression (Edinburgh Pre/postnatal Depression Scale) at all six time points.  

In the week following the completion of the online questionnaires, participants are asked 

to: 1) Wear and sleep with their Fitbit® tracker to gauge their physical activity and sleep patterns 

for seven consecutive days and 2) Access the Fitbit® app to record nutritional information (2 

weekdays + 1 weekend day). Each participant’s weight measurements are recorded by the 

Withings® Body+ scale. Participants will be required to collect their weight a minimum of once 

per week. The SmartMoms Canada participants’ data have been collected on an ongoing basis 

since January 2021. For this thesis, data from the first two assessments (12-20 and 24-28 

gestational weeks) regarding GWG, diet, physical activity, and sleep were collected to analyze if 

a higher usage of the SmartMoms Canada app is associated with improved outcomes when 

compared to a lower usage of this mHealth tool. 
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CHAPTER 3 

PREAMBLE TO ARTICLE 1 

The following article titled, “Eating Habits, Advice from Family/Friends, and Limited Personal 

Effort May Increase the Likelihood of Gaining Outside Gestational Weight Gain 

Recommendations” was published in the Maternal and Child Health Journal on September, 2020. 

Citation: 

Souza SCS, da Silva DF, Nagpal TS, Adamo KB.  Eating habits, advice from family/friends, and 
limited personal effort may increase the likelihood of gaining outside gestational weight gain 
recommendations. Maternal and Child Health Journal. 2020 Sep 25:1-9. DOI: 10.1007/s10995-
020-03007-0 
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CHAPTER 4 

PREAMBLE TO ARTICLE 2 

Given the findings from the EMat study illustrating that the implementation of mHealth 

interventions focused on healthy behaviours during pregnancy may promote adequate GWG, we 

wanted to examine whether establishing an avenue for evidence-based guidance and feedback 

would help pregnant women to achieve optimal GWG and healthy behaviours. The following 

article titled, “The short-term effect of a mHealth intervention on gestational weight gain and 

health behaviors: The SmartMoms Canada pilot study”, will be submitted to Physiology & 

Behavior in October, 2021.  
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The short-term effect of a mHealth intervention on gestational weight gain and health 

behaviors: The SmartMoms Canada pilot study 

 

Abstract 

Gestational weight gain (GWG) has been shown to impact several maternal-infant health 
outcomes. Since healthcare provider guidance on weight gain and healthy behaviors alone has 
failed to help women to meet guidelines during pregnancy, a practical adjunctive approach is to 
deliver evidence-based information through mobile interventions. The present study aimed to 
assess the short-term effect of the SmartMoms Canada app to promote adequate GWG and 
healthy behaviors. Twenty-nine pregnant women were recruited in this app-based intervention 
trial to test whether a higher app usage (³ 3.8 min·week-1) between 12-20 gestational weeks and 
24-28 gestational weeks improved GWG, diet, physical activity, and sleep, compared to women 
with a lower app usage (< 3.8 min·week-1). Two-way mixed ANOVA for repeated measures was 
used to estimate the effect of the app usage and time, as well as their interaction on weight gain 
and healthy behaviors. The likelihood ratio was used to examine the association between app 
usage categorization and GWG classification. Cramer’s V statistic was used to estimate the 
effect size for interpretation of the association. Pregnant women using the SmartMoms Canada 
app more frequently had a higher moderate-to-vigorous physical activity (MVPA) daily average 
when compared with women with a lower usage (mean difference: 17.84 min/day, 95% CI: 2.44; 
33.25). A moderate effect size was found for the association between app categorization and rate 
of GWG, representing a greater adherence to the GWG guidelines in women in the higher app 
usage group vs. the lower app usage group (28.6% vs. 15.4%; Cramer’s V = 0.212). Considering 
other physical activity, diet, and sleep variables, no app categorization effect was observed. A 
short-term higher usage of SmartMoms Canada app has a positive effect on objectively-
measured MVPA. 

 

1 Introduction 

 Women regularly seek information on gestational weight gain (GWG) and healthy 

behaviors during pregnancy, but the guidance from healthcare providers has rarely been 

helpful.1-5 At the same time, there is a lack of evidence-based tools to support health 

professionals with providing advice to women on positive behaviors.6-8 Given the importance of 

long-term metabolic programming that begins in utero,9 pregnancy represents an ideal period for 

preventing chronic diseases.10 Pregnancy has been referred to as a stress test for life.11 
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Unfortunately, when the fetus is exposed to a suboptimal intrauterine environment these 

perturbations can impact current and future maternal-infant outcomes, and heighten downstream 

risk for chronic disease.12,13 Therefore, intervening during pregnancy with healthy behavior 

change and supporting healthcare providers with disseminating this information may have a 

multi-generational effect for chronic disease prevention. 

 GWG has been shown to affect maternal and infant health outcomes.14 Although gaining 

weight during pregnancy is expected, suboptimal GWG (defined by the United States Institute of 

Medicine [IOM] recommendations)14 has been linked to several complications such as 

hypertensive disorders of pregnancy,15 large- and small-for-gestational-age neonates16 as well as 

been implicated in the inter-generational cycle of obesity.14,17-21 Adequate energy balance is one 

of the main factors contributing to GWG in line with recommendations.22 Either under- or 

overnutrition and physical activity may impact intrauterine metabolic pathways and increase the 

risk of developing diseases beyond the neonatal period.23,24 Evidence from diet and physical 

activity interventions during pregnancy consistently illustrate improved maternal and infant 

health outcomes.25 

 Another pivotal factor impacting energy balance during pregnancy is physical activity. 

Being active during pregnancy is a healthy behavior and a safe practice for women without 

contraindications.26,27 Positive pregnancy outcomes, including weight management, reduced risk 

of gestational diabetes, and improved psychological health have been associated with regular 

physical activity.27-30 Evidence from diet and physical activity interventions during pregnancy 

consistently illustrate improved maternal and infant health outcomes.25 Nonetheless, other 

maternal health behaviors, such as sleep patterns, still require further investigation during 

pregnancy.31 Although a previous study has identified similarities in sleep habits (e.g., total sleep 

duration, REM, deep, and light sleep) of pregnant versus non-pregnant women,32 there are 

differences to be considered.33 For instance, total sleep time decreases from the first trimester to 

the third trimester, and sleep duration is shorter during gestation compared with the pre-

pregnancy time.34,35 Impaired sleep has been associated with preeclampsia and hypertensive 

disorders of pregnancy, gestational diabetes, caesarean section, preterm birth, large-for-

gestational-age neonates, and stillbirth.36 
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 Weight management and adoption of healthful behaviors (i.e., adequate diet, physical 

activity, and sleep habits) in early pregnancy are key intervention targets for the prevention of 

potential adverse maternal and child health outcomes. Recent research has shown that exceeding 

GWG guidelines in the second trimester is strongly related to excessive weight gain in the end of 

pregnancy (sensitivity > 90% for all body mass index [BMI] categories).37 The adoption of 

behavioral strategies, such as action planning and goal setting in the early stages of pregnancy, 

may help women to overcome common barriers to engaging in healthy prenatal behaviors.38   

Evidence shows that lifestyle interventions during pregnancy are consistent in reducing 

GWG.25 However, previous programs have primarily been delivered in-person, and this is both 

costly and time-consuming for patients and healthcare providers. Moreover, financial limitations 

and geographical barriers have prevented many women from achieving adequate GWG and 

healthful behaviors.41 As such, a cost-effective alternative to overcoming limitations of standard 

in-person interventions is the adoption of mobile health (mHealth) tools.42,43 mHealth is defined 

as a health practice supported by mobile devices, and can range from the simple use of websites 

to more complex functionalities like applications (apps).44 

 Women from different economic levels and ethnicities report being willing to use dietary 

and exercise information during pregnancy from digital sources to assist them with engaging in a 

healthy lifestyle.45 Pregnant women are consistently looking for timely information and envisage 

that mHealth tools will help health professionals accessing their data.46 The mHealth features to 

optimize weight gain during pregnancy have been considered valuable by users47 and may 

decrease GWG in participants with pre-pregnancy overweight and obesity.48 One novel mHealth 

tool is the SmartMoms Canada app. This app delivers real-time prenatal weight management and 

healthy behavioral support. Canada is one of the world leaders in online engagement and 

smartphone penetration, with 99% of the adult population having access to wireless networks 

and 90% owning a mobile phone.49,50 About 96% of women in their childbearing years indicate 

being interested in receiving guidance on prenatal care through their phone.51 An American 

version of the SmartMoms app has been shown to be efficacious in decreasing the proportion of 

women above the GWG recommendations by ~30% compared to standard prenatal care alone.52 

The Canadian version incorporates a greater breadth of features and includes an expanded 

dashboard, sleep tips, stress management advice, exercise ideas, and other unique Canada-centric 



 

 34 

features. According to a systematic review, multicomponent app interventions seem more 

effective than apps focused on a single behavior.42 The SmartMoms Canada app has undergone 

focus group testing with pregnant and early postpartum women for co-design and refinement of 

the app, with improvements being described elsewhere.53 The present study aims to assess the 

short-term effect of the SmartMoms Canada app usage patterns in helping women achieve 

adequate GWG and adhere to healthful behaviors related to nutrition, physical activity, and sleep 

in the early stages of pregnancy. We hypothesized that higher usage of the app will positively 

impact the adoption of nutritional, physical activity, and sleep behaviors compared to a lower 

usage of the app. 

  

2 Methods 

2.1 Study Design 

The SmartMoms Canada program is a multi-centre, non-randomized, interventional 

study. The present study is part of the usability beta testing phase of the app. Among our goals 

during this phase is the determination of app usage, server management and functionality, and 

how this implicates on the outcomes of interest. The current analysis is focused on the impact of 

app usage on GWG and healthy behaviors. Ethics approvals from the University of Ottawa 

Research Ethics Board (H09194795-REG4795) and University of Manitoba Research Ethics 

Board (HS23407-H2019:448) were granted, and all research procedures followed the 

Declaration of Helsinki and its later amendments. All data were collected online at 12-20 (first 

assessment) and 24-28 gestational weeks (second assessment); we established these assessment 

periods to standardize procedures and compare different pregnancy time points.  

 

2.2 Participants and Recruitment 

Pregnant women, aged 18-40 years with pre-pregnancy BMI between 18.5 and 39.9 

kg/m2, were recruited across Canada and included in the study if they were between 12-20 weeks 

of gestation. Recruitment was carried out through online/internet sources including social media 

platforms (i.e., twitter, Instagram and Facebook sites). Eligibility criteria also included: 1) 
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Carrying a singleton fetus; 2) with Wi-Fi access; 3) Not consuming alcohol, tobacco or other 

drugs; 4) No contraindications to exercise during pregnancy or medical condition that may 

impact maternal and fetal weight; and 5) Able to communicate in English or French. Participants 

enrolled in the study between February and April 2021. 

 

2.3 Sample Size Determination 

Despite the paucity of studies assessing the short-term effects of mHealth interventions 

during pregnancy on health behavioral outcomes, we identified and modeled our sample size 

based on the study performed by Choi et al.54 who recruited pregnant women at 10-20 weeks and 

assessed the changes in steps per day 5-9 weeks later after using a physical activity-centred app 

during pregnancy. Considering the similarity in the recruitment window, study duration, and one 

of the outcomes of interest, we determined the minimal sample size required for the present 

study based on their data. Accounting for an estimated change of 1092.1 ± 1925.3 steps per day 

during this period, considering an 80% power and 5% error, the minimal sample size required for 

the present study was n = 27 participants. We could not incorporate app usage from the literature 

into the sample size calculation due to the lack of available studies on this topic. We estimated 

the minimal sample size for the within (pre vs. post) and between (higher usage vs. lower usage) 

analyses accounting for an effect size F = 0.3 (moderate to large), 80% power, and 5% error. 

Considering these parameters, and using GPower 3.1.4 (Dusseldorf, Germany), the minimal 

required sample size is estimated to be n = 12/group (higher and lower app usage). 

 

2.4 SmartMoms Canada Intervention 

Women were provided with complimentary access to the SmartMoms Canada app, and 

the associated Wi-Fi/Bluetooth enabled accessories after consenting to participate in the study. 

These accessories were used to monitor participants’ diet, physical activity, and sleep patterns 

(Fitbit® Charge 2 activity tracker) and bodyweight (Withings Health Mate® Body+ scale). The 

SmartMoms Canada app provides a continuous feedback loop that enables pregnant women to 

monitor daily nutrition, physical activity, sleep, and weekly GWG in their own environment. 
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This real-time feedback is possible because the SmartMoms Canada app is asynchronous with 

the diet, physical activity, sleep and weight data stored by the Fitbit® and Withings® apps. All 

interaction occurs through intervention features such as the ‘SmartTips’, ‘Health’, and ‘Exercise’ 

pages. The ‘SmartTips’ content page, which drives the intervention, includes clinically important 

information about evidence-based healthful behaviors during pregnancy. Time spent by the 

participants using the SmartMoms Canada app is automatically tracked by the Firebase® 

platform that is only accessible by the SmartMoms Canada research team, as well as data 

regarding their diet, physical activity and sleep that is tracked by the server. Firebase® is an 

application created by Google® that provides tools for tracking analytics. Figure 1 outlines the 

data management process/flow for this study. 

 

 

Figure 1. SmartMoms Canada – Data Management diagram. Solid arrows describe participants 
data that is automatically tracked by the server or project driver. Dashed arrows describe support 
from the external developers of the app and researchers from the collaborative sites. 
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2.5 Assessments 

Participants completed two assessments which occurred 7.1 ± 2.0 weeks apart. 

Assessment 1 occurred between 12-20 gestational weeks. After providing informed consent, 

participants received instructions to install the SmartMoms Canada app and associated Wi-Fi 

accessories on their mobile device. After the installation of the three apps required for the study, 

participants started their first ‘assessment week’ (i.e., seven consecutive days). During this week, 

they were asked to wear the wrist-worn Fitbit® for seven consecutive days and nights to track 

their physical activity and sleep patterns. For the diet, participants were also advised to record 

their nutritional information using the Fitbit® app for a minimum of three days (two weekdays 

and one weekend day) within the seven-day period. Participant weight measurements were 

recorded using the Body+ scale. Participants were instructed to weigh using the provided scale at 

least once per week for tracking purposes until the study completion. Participants also completed 

online forms (i.e., Google® forms) to obtain sociodemographic information, exercise (Godin 

Leisure Time Exercise, GLTE), and sleep (Pittsburgh Sleep Quality Index, PSQI) data. 

Participants were encouraged to use the app and devices provided as much as possible during the 

study course. 

 The second seven-day assessment period occurred between 24-28 gestational weeks. 

Participants received an email reminding them to use the app and devices for seven consecutive 

days as they did during the first assessment. Data regarding their diet, physical activity, and sleep 

patterns were again collected through the SmartMoms Canada server, and the GLTE and PSQI 

questionnaires were also completed a second time.  

 

2.6 Variables 

 GWG. Gestational weight gain (in kg) between the two assessment weeks was calculated 

by subtracting the first weight measurement of the participant that was captured during the 

corresponding assessment week from their self-reported pre-pregnancy weight. Women were 

classified into GWG groups (i.e., below, within, and above) based on the weekly ranges provided 
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in the IOM recommendations,14 according to their pre-pregnancy BMI calculated using self-

reported values of weight and height. 

 Diet. Participants were instructed to use the Fitbit® app to log their food during the 

assessment weeks to obtain information regarding their total caloric intake (in kcal), with 

consumption of fat, carbohydrates, fibre, and protein (in grams) also captured. Only data from 

participants that completed at least three food logs (in two-week days and one weekend day) 

were included in the analysis. Nutritional data were considered invalid if the average of total 

caloric intake reported was 32% below or above the energy expenditure expected for each 

participant.55 The calculation of the energy expenditure expected for each participant considered 

participants pre-pregnancy weight and BMI, GWG, and gestational age.56 

 Physical activity. Total daily steps and minutes spent in each physical activity intensity 

(i.e., vigorous, moderate, light) per day were computed by Fitbit® and captured by the 

SmartMoms Canada server. Daily steps less than 1000 counts were treated as invalid 

measurements, possibly due to Fitbit® being worn for only a small portion of the day, and 

excluded from the analysis. The minimum of 1000 counts was considered based on previous 

studies utilizing pedometers and Fitbits®.54,57,58 All participants had their physical activity data 

captured for at least 4 days during the assessment week. Self-reported leisure-time physical 

activity was also assessed through the GLTE questionnaire at assessments 1 and 2. For the GLTE 

score calculation, self-reported weekly frequencies of strenuous, moderate, and mild activities 

are multiplied by nine, five, and three, respectively; the resulted values correspond to MET value 

categories of the activities listed.59 The final score presented in this study is exclusively based on 

the sum of the strenuous and moderate activities as recommended by the validation study.59,60  

 Sleep. Fitbit® computed the duration (in minutes) of each sleep stage, including REM, 

deep, and light sleep, and uploaded in the server. The sum of these three sleep stages was used to 

calculate total sleep duration. All sleep variables were converted into hours for the results 

presentation. Previous literature suggests that daily sleep time <2 or >12 hours should be 

excluded in an attempt to remove potential erroneous observations;61 however, sleep data from 

all participants were within this range. Sleep quality information was also assessed through the 

PSQI at assessments 1 and 2. In brief, the PSQI is a validated instrument used to measure the 
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quality and patterns of sleep.62 The PSQI total score was adopted in our analysis, with higher 

scores indicating poorer sleep quality (range 0-21).   

 SmartMoms Canada app usage. The total number of weeks that each participant was 

exposed to the app between the first and second assessment weeks, as well as the time spent in 

the app was captured by the Firebase® platform. Firebase is an application created by Google that 

provides tools for tracking analytics. Based on the total number of weeks and total duration of 

the app usage (in minutes), we calculated the total duration per week (minutes/week) that the 

participants used the SmartMoms Canada app. Based on the median value of app usage per 

week, we determined the higher (≥ median) and lower app usage (< median) groups. 

 The flowchart below (see Figure 2) summarizes all the procedures adopted in the present 

study. 

 

Figure 2. Flowchart of the SmartMoms Canada study 
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2.7 Statistical Analysis 

Descriptive data are presented as mean ± standard deviation (SD). Two-way mixed 

ANOVA for repeated measures was used to estimate the effect of the app usage categorization 

(higher vs. lower usage) and time (assessment 1 vs. 2) and their interaction on GWG, diet, 

physical activity, and sleep patterns. Adjustments for multiple comparisons were performed 

according to the Bonferroni correction, and the magnitude of potential observed differences was 

computed as effect sizes (eta squared, η2). The values of 0.0099, 0.0588, and 0.1379 were used 

as cut-offs for small, moderate, and large effect sizes, respectively.63 The likelihood ratio was 

used to check the association between app usage categorization and GWG classification at 

assessment 2. Cramer’s V statistic was used to estimate the effect size for interpretation of the 

association.64 The values of 0.07, 0.21, and 0.35 were used as cut-offs for small, moderate, and 

large effect sizes (for degrees of freedom = 2), respectively.64 The significance level was set at p 

< 0.05. All statistical analyses were completed using SPSS software, version 23.0 (IBM Corp, 

Armonk, NY). 

 

3 Results 

From the 29 pregnant women recruited in urban areas for the present study, a total of n = 

27 were included in the analysis. Participants (n = 2) declared pregnancy complications and 

personal reasons for withdrawing from the study. Participant anthropometrics, demographics and 

app usage are described in Table 1. Diet, physical activity and sleep patterns were not different 

between the first and second assessments, nor did they differ between the higher and lower usage 

groups at the first assessment. 

 

Table 1. Characteristics of the participants (n = 27) 

Variable Mean ± SD or n [%] 
SmartMoms Canada app usage  
   Total use (min) 33.9 ± 27.0 
   Number of weeks (wk) 7.1 ± 2.0 
   Total use per week (min·wk-1) 4.6 ± 2.9 
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Age (in years) 31.6 ± 3.8 
Pre-pregnancy weight (kg) 70.0 ± 13.7 
Height (m) 1.66 ± 6.8 
Pre-pregnancy BMI classification  
   Normal weight 14 [51.9] 
   Overweight 11 [40.7] 
   Obese 2 [7.4] 
Gestational age at assessment 1 (weeks) 18.7 ± 2.4 
Gestational age at assessment 2 (weeks) 25.0 ± 1.0 
GWG at assessment 1 (kg) 3.4 ± 2.9 
GWG at assessment 2 (kg) 7.2 ± 3.5 
Parity   
   0 18 [66.7] 
   1 8 [29.6] 
   2 1 [3.7] 
Ethnicity   
   White 22 [81.5] 
   East or Southeast Asian 3 [11.1] 
   Black 1 [3.7] 
   Middle Eastern 1 [3.7] 
Education  
   High school 1 [3.7] 
   College 2 [7.4] 
   University 21 [77.8] 
   Post-graduate studies 3 [11.1] 
Current Occupation   
   Employed 23 [85.2] 
   Unemployed 1 [3.7] 
   Work from home 1 [3.7] 
   Other 2 [7.4] 
Number of work hours per week   
   < 20 1 [3.7] 
   20 – 40 13 [48.1] 
   41 – 60 10 [37.0] 
   > 60 2 [7.4] 
   Not-applicable 1 [3.7] 
Household annual income (in CA$)  
   30,000 – 59,999 1 [3.7] 
   60,000 – 89,999 1 [3.7] 
   90,000 – 119,999  8 [29.6] 
   120,000 – 149,999 6 [22.2] 
   ³ 150,000 9 [33.3] 
   Refuse to answer 2 [7.4] 

SD: standard deviation; BMI: body mass index; GWG: gestational weight gain; min: min; wk: week 
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The total app usage per week was classified according to the median value (M = 3.8 

min·wk-1) from which participants were divided into the higher (³ 3.8 min·wk-1, n = 14) and 

lower (< 3.8 min·wk-1, n = 13) usage groups (see Figure 3).  

 

Figure 3. Total app usage per week in the higher and lower app usage groups 

 

The GWG classification per usage group in the second assessment can be seen in the 

Figure 4. Although not statistically significant, we found a moderate effect size (i.e., Cramer’s V 

= 0.212) for this association. A total of four (28.6%) women met the GWG guidelines in the 

higher usage group compared to two women (15.4%) in the lower usage group. 
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Figure 4. GWG classification at assessment 2 per app usage group  

 

3.1 Diet Variables 

Six participants from the higher usage group and seven from the lower one did not 

consistently complete the food logs during two-week days and one weekend day in one of the 

two assessment weeks or under reported their total caloric intake, and were not included in the 

diet variables analysis. A total of 14 participants were included in the diet analysis. For total 

caloric intake, two-way mixed ANOVA for repeated measures revealed no effect for app usage 

(F = 0.103, p = 0.753, η2 = 0.009), time (F = 0.540, p = 0.477, η2 = 0.043), and no interaction 

between app usage and time (F = 0.085, p = 0.776, η2 = 0.007). Similar results were observed for 

the consumption of fat, carbohydrates, fibre, and protein, with no app usage effect (see Table 2). 

 

Table 2. The effect of SmartMoms Canada app usage diet patterns at assessment 1 and 2 

Diet variables App usage (n) 
Mean ± SD 

Assessment 1 
(12-20 weeks) 

Assessment 2 
(24-28 weeks) Total 

Total calories (kcal·d-1) 
Higher (8) 2112.7 ± 285.5 2082.0 ± 245.9 2097.4 ± 357.4 
Lower (6) 2089.0 ± 154.7 2018.0 ± 403.4 2053.5 ± 357.0 
Total (14) 2102.6 ± 230.8 2054.5 ± 310.2  

Fat (g·d-1) 
Higher (8) 81.6 ± 18.0 87.7 ± 15.7 84.6 ± 18.5 
Lower (6) 82.6 ± 15.3 74.8 ± 15.7 78.7 ± 18.4 
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Total (14) 82.0 ± 16.3 82.2 ± 16.5  

Carbohydrates (g·d-1) 
Higher (8) 248.5 ± 38.2 232.2 ± 24.3 240.3 ± 48.9 
Lower (6) 243.1 ± 34.8 248.9 ± 48.0 246.0 ± 48.8 
Total (14) 246.2 ± 35.5 239.3 ± 35.7  

Fibre (g·d-1) 
Higher (8) 22.0 ± 7.0 21.8 ± 6.6 21.9 ± 8.2  
Lower (6) 22.4 ± 5.2 19.0 ± 5.5 20.7 ± 8.2 
Total (14) 22.1 ± 6.0 20.6 ± 6.1  

Protein (g·d-1) 
Higher (8) 89.9 ± 17.2 93.9 ± 15.6 91.9 ± 15.9 
Lower (6) 83.0 ± 7.1 84.9 ± 15.5 84.0 ± 15.9 
Total (14) 87.0 ± 13.8 90.1 ± 15.7  

SD: standard deviation; kcal: kilocalories; g: grams; d: day 

 

3.2 Physical Activity Patterns 

For the daily total steps, two-way mixed ANOVA for repeated measures revealed no 

effect of app usage (F = 0.207 p = 0.653, η2 = 0.008), time (F = 1.422, p = 0.244, η2 = 0.054), 

and no interaction between app usage and time (F = 0.252, p = 0.620, η2 = 0.010). Vigorous 

physical activity showed similar results, with no app usage effect (F = 3.716, p = 0.065, η2 = 

0.129), no time effect (F = 0.671, p = 0.420, η2 = 0.026), and no interaction between these two 

factors (F = 0.034, p = 0.855, η2 = 0.001). There was also no significant effect of app usage, time 

and no interaction between these two factors for light physical activity and for the GLTE score 

(see Table 3). 

 The analysis for moderate and moderate-to-vigorous physical activity (MVPA) 

demonstrated a significant app usage categorization effect (F = 5.543, p = 0.027, η2 = 0.181; F = 

5.692, p = 0.025, η2 = 0.185). The multiple correction analysis based on the app usage showed 

that moderate (mean difference: 8.41, 95% confidence interval: 1.05; 15.77) and MVPA (mean 

difference: 17.84, 95% confidence interval: 2.44; 33.25) were greater for women more frequently 

using the SmartMoms Canada app compared with women with a lower usage. However, no time 

effect (F = 0.364, p = 0.551, η2 = 0.014; F = 0.018, p = 0.893, η2 = 0.001) nor interaction 

between the two factors was observed (F = 0.486, p = 0.492, η2 =0.019; F = 0.077, p = 0.784, η2 

= 0.003) (see Table 3). 
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Table 3. The effect of SmartMoms Canada app usage physical activity patterns at assessment 1 

and 2 

PA variables App usage (n) 
Mean ± SD  

Assessment 1 
(12-20 weeks) 

Assessment 2 
(24-28 weeks) Total 

Daily total steps 
Higher (14) 7322 ± 2631 7605 ± 3098 7464 ± 3963 
Lower (13) 6625 ± 2389 7319 ± 3722 6972 ± 3962 
Total (27) 6986 ± 2494 7467 ± 3349  

Vigorous PA (min·d-1) 
Higher (14) 22.1 ± 19.9 19.2 ± 14.3 20.7 ± 18.0 
Lower (13) 12.2 ± 9.0 10.3 ± 13.6 11.2 ± 18.0 
Total (27) 17.3 ± 16.1 14.9 ± 14.4  

Moderate PA (min·d-1) 
Higher (14) 16.7 ± 12.8 20.4 ± 15.8 18.6 ± 13.1 
Lower (13) 10.3 ± 7.2 10.0 ± 9.3 10.2 ± 13.1* 
Total (27) 13.6 ± 10.8 15.4 ± 13.9  

MVPA (min·d-1) 
Higher (14) 38.9 ± 28.7 39.6 ± 26.4 39.2 ± 27.5 
Lower (13) 22.5 ± 13.1 20.3 ± 22.2 21.4 ± 27.5* 
Total (27) 31.0 ± 23.7 30.3 ± 25.9  

Light PA (min·d-1) 
Higher (14) 199 ± 58 202 ± 47 201 ± 108 
Lower (13) 249 ± 92 259 ± 108 254 ± 108 
Total (27) 223 ± 79 229 ± 86  

GLTE score 
Higher (14) 19.7 ± 14.9 22.5 ± 15.8 21.1 ± 20.5 
Lower (13) 23.8 ± 17.2 23.4 ± 16.3 23.6 ± 20.5 
Total (27) 21.7 ± 15.9 22.9 ± 15.8  

SD: standard deviation; GLTE: Godin Leisure Time Exercise; PA: physical activity; MVPA: moderate-
to-vigorous physical activity; min: minutes; d: day 
*Different (p<0.05) from the higher app usage group. 
 

3.3 Sleep Patterns 

One participant from the higher app usage group did not consistently track her sleep 

patterns for 4+ days in one of the two assessment weeks and was not included in the sleep 

variables analysis. A total of 26 participants were included in the analysis of total sleep duration, 

awake time, REM, deep, and light sleep. For the total sleep duration, there was no effect of app 

usage (F = 0.211, p = 0.650, η2 = 0.009), time effect (F = 0.115, p = 0.737, η2 = 0.005), and no 

interaction between app usage category and time (F = 0.435, p = 0.516, η2 =0.018). Similar 

results were found for the sleep stages, including REM (F = 0.679, p = 0.418, η2 = 0.028), deep 
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(F = 0.250, p = 0.622, η2 = 0.010), and light sleep (F = 1.282, p = 0.269, η2 = 0.051) and for 

awake time and PSQI score (see Table 4). 

  

Table 4. The effect of SmartMoms Canada app usage sleep patterns at assessment 1 and 2 

Sleep variables App usage (n) 
Mean ± SD 

Assessment 1 
(12-20 weeks) 

Assessment 2 
(24-28 weeks) Total 

Total sleep duration (h·n-1) 
Higher (14) 7.5 ± 0.9 7.4 ± 0.7 7.5 ± 1.0 
Lower (12) 7.3 ± 0.8 7.4 ± 0.7 7.3 ± 1.0 
Total (26) 7.4 ± 0.8 7.4 ± 0.7  

REM sleep (h·n-1) 
Higher (14) 1.6 ± 0.2 1.6 ± 0.3 1.6 ± 0.3 
Lower (12) 1.6 ± 0.3 1.7 ± 0.3 1.7 ± 0.3 
Total (26) 1.6 ± 0.2 1.7 ± 0.3  

Deep sleep (h·n-1) 
Higher (14) 1.1 ± 0.3 1.0 ± 0.4 1.1 ± 0.4 
Lower (12) 1.1 ± 0.3 1.2 ± 0.3 1.2 ± 0.4 
Total (26) 1.1 ± 0.3 1.1 ± 0.3  

Light sleep (h·n-1) 
Higher (14) 4.8 ± 0.7 4.8 ± 0.7 4.8 ± 0.8 
Lower (12) 4.5 ± 0.6 4.5 ± 0.5 4.5 ± 0.8 
Total (26) 4.6 ±  0.7 4.7 ± 0.6  

Awake (h·n-1) 
Higher (14) 1.1 ± 0.2 1.0 ± 0.2 1.1 ± 0.2 
Lower (12) 1.0 ± 0.1 1.1 ± 0.2 1.0 ± 0.2 
Total (26) 1.0 ± 0.2 1.0 ± 0.2  

PSQI score  
Higher (14) 6.3 ± 3.0 5.8 ± 3.2 6.0 ± 3.7 
Lower (13) 5.5 ± 2.6 5.1 ± 2.6 5.3 ± 3.7 
Total (27) 5.9 ± 2.8 5.4 ± 2.9  

SD: standard deviation; PSQI: Pittsburgh Sleep Quality Index; h: hours; n: night 

 

4 Discussion 

The results of this data analysis found that, although not statistically significant, we 

observed a trend (i.e., moderate effect size) that more women in the higher app usage group were 

able to meet the GWG guidelines than the lower app usage group (28.6% vs. 15.4%). There was 

no time effect or interaction between app usage group and time; however, pregnant women with 

a higher usage of the SmartMoms Canada app had a greater MVPA daily average when 

compared with women with a lower usage (mean difference: 17.84 min/day, 95% CI: 2.44; 
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33.25). More frequent users of the SmartMoms Canada app had a higher daily average of 

moderate and MVPA when compared with women with a lower app usage. Considering other 

physical activity variables, diet and sleep patterns, no effect of app usage was observed. 

The effectiveness of mHealth interventions to reduce excessive GWG is inconsistent in 

the literature. For instance, Dahl et al.65 did not find a significant effect of a mobile app 

intervention on preventing guideline-discordant GWG. In contrast, Redman et al.52 reported 

significant results and showed that fewer women exceeded GWG guidelines after exposure to 

their mHealth intervention (a previous iteration to the SmartMoms app used here). Different from 

the results presented in this study, previous findings52,65 took into consideration the final GWG 

of the participants at late pregnancy. However, the high sensitivity of second-trimester excessive 

weight gain for total excessive GWG37 may allow us to speculate that the moderate effect size 

found in our analysis is reflective of weight gain at the end of pregnancy. Considering that 

women gain most weight during mid-pregnancy,66 it is possible to identify those at risk of 

exceeding GWG guidelines as early as the second trimester.67 

A GWG dial showing participants their current bodyweight and weight gain ranges from 

the IOM guidelines is displayed in our ‘Health’ page. This feature of the SmartMoms Canada 

app together with other information present in the ‘Health’ page regarding physical activity 

levels achieved every day, steps, caloric intake, and sleep duration is expected to help 

participants managing their GWG and behaviors. This mHealth intervention is also driven by the 

content available at the ‘Exercise’ and ‘SmartTips’ pages. Participants have unlimited access to 

clinically important information about eating behaviors, stress management, physical activity, 

and sleep until the end of their pregnancy. 

Although no intervention effect for improving GWG was observed by Dahl et al.65, this 

group did report that the use of a mobile app may facilitate healthy behavior change through 

group-based goal setting and self-monitoring using a mobile app. Furthermore, a pilot study 

aiming to increase physical activity during pregnancy through a mHealth program found no 

statistically significant differences between intervention and control groups; however, 

participants showed interest in using an app to promote physical activity.54 The '2019 Canadian 

Guideline for Physical Activity throughout Pregnancy’ recommends that pregnant women should 

accumulate at least 150 min of moderate-intensity physical activity per week to prevent 
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pregnancy complications and achieve optimal maternal and neonatal health outcomes.27 The 

results of the present study demonstrating an increased average of moderate and MVPA in the 

group with higher app usage are promising and may have long-term benefits that need to be 

assessed in future research. Indeed, 35.7% of women in the higher usage group were considered 

‘very active’ (³300 min·w-1 of MVPA) and 28.6% were ‘active’ (³150 - <300 min·w-1 of 

MVPA) at assessment 2 (total of 64.3%) vs. 7.7% of ‘very active’ and 38.5% of ‘active’ women 

in the lower usage group (total of 46.2%). Although these proportions were not statistically 

significant, the Cramer’s V analysis suggested a moderate association between app usage and 

meeting physical activity guidelines (data not shown). In the study of Wang et al. with non-

pregnant women, the establishment of physical activity goals (e.g., becoming more physically 

active), not the duration of use of physical activity apps, influenced the perceived effectiveness 

for increasing time spent exercising.68 However, duration was measured in ‘months exposed to 

the app’. App usage was linked with the perceived effectiveness of diversifying physical 

activities, sharing pictures or messages about exercise on social networks, and searching for 

physical activity online.68  

The positive findings associated with the physical activity outcomes (i.e., moderate and 

MVPA) in the present study could be explained by the diverse content available at the ‘Exercise’ 

page of the SmartMoms Canada app. Our ‘Exercise’ page provides specific recommendations 

following the recently published physical activity guideline,27 incorporates several images and 

examples of pregnancy-friendly exercises, and was updated to include feedback from 

participants that were part of the SmartMoms Canada focus group study.53 Notifications within 

the app (e.g., alerts to remind participants to check specific information on the ‘SmartTips’ or 

‘Exercise’ pages) that participants received periodically were added to help support their 

adherence to healthier behaviors. In fact, results of the SmartMoms focus group study 

highlighted that the exercise content of the app as one of the strengths perceived by pregnant and 

postpartum women.53 

The literature on mHealth programs for pregnant women related to diet and sleep has 

been limited. Systematic review evidence on exclusively digital health interventions targeting 

diet, physical activity, and weight gain in pregnant women found 11 studies between 2012 and 

2020.69 Three app-based studies were identified,52,54,65 and their main outcomes included 
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GWG52,65 and physical activity54. A mHealth study published in 2021 observed an overall shift 

toward a healthier diet in participants using the app intervention compared to participants 

following standard prenatal care.70 Comparisons between mHealth tools aiming to improve diet 

during pregnancy are challenging because nutritional interventions are complex with diverse foci 

and features. For example, the app proposed by Sandborg et al. that found an improvement in 

dietary behavior was designed to highlight the benefits of plant-based diets.70 A research study 

examining non-pregnant population experiences of using an eating app found that frequent food 

logs were associated with lower bodyweight yet greater self-reported energy intake at 8 weeks of 

intervention.71 The participant food logs in the present study represent a limitation associated 

with research using self-reported nutritional data. Although we only included values within the 

range of estimated energy expenditure for each participant in the analysis, the caloric intake 

values reported were still low. 

A systematic review on interventions to improve sleep hygiene during pregnancy 

identified a lack of effective programs to alleviate poor sleep quality and insomnia.72 To the best 

of our knowledge, no mHealth intervention to improve sleep patterns during pregnancy has been 

developed or evaluated. Although the impact of mind-body interventions on the sleep of 

pregnant women is unknown, mindfulness and yoga approaches can be delivered through a 

mobile app and have been effective in helping other populations.73,74 Given the importance of 

sleep, more research on the effectiveness of mHealth interventions on sleep is necessary. 

The strengths of this study include the objective measurement of physical activity, sleep, 

and bodyweight using a Fitbit® tracker and Withings Health Mate® scale. Our study also had the 

ability to collect information from participants outside the clinics (i.e., at home). Although mixed 

results have been published trying to validate existing consumer-wearable technology with 

research-grade monitors for agreement in physical activity levels,75-77 Semanik et al.78 found a 

strong correlation between specifically moderate physical activity measured using a Fitbit® and 

ActiGraph®. In addition, data from the present study regarding GWG, diet, physical activity, and 

sleep were collected during two pregnancy time points. There are only a few studies looking at 

the effect of app-based mHealth interventions on GWG, physical activity, and diet, and none 

evaluating the impact of these programs on sleep patterns. 



 

 50 

Limitations of this study include the homogeneity of our population, as it is largely 

composed of educated, predominantly employed, urban-living, healthy pregnant women, mostly 

white, and with a high annual income, which limits external validity and generalizability. Other 

limitation was the non-standardization of total weeks of app use. The weekly time spent by the 

participants using the SmartMoms Canada app (4.6 ± 2.9 min·w-1) between the first and second 

assessments may be considered an overall low app usage. However, the usage of individual app 

components including engagement with the Fitbit® and Withings® apps were not evaluated. 

Previous literature has shown a large inter-individual variation in the use of health apps (e.g., 

Walgreens, Fitbit, Nike+), with a range of 1-10 min per day.79 The majority of studies evaluating 

the effect of app-based interventions during pregnancy have lacked a thorough evaluation, or 

consideration of participants’ app usage. The only study analyzing app usage data considered app 

session count and used the median value to classify their participants as high and low app 

users.80  

This analysis of the short-term effect of the SmartMoms Canada intervention appears 

promising when considering that women in the higher app usage group engaged in a greater 

daily level of MVPA when compared with women with a lower usage, suggesting potential to 

improve adherence to Canadian prenatal activity guidelines that specifically recommend this 

intensity level. Future analyses should focus on the long-term influence of this intervention on 

healthy behaviors and target a larger and more diverse population of pregnant women to increase 

the generalizability and overall statistical power. Data from the current study can guide future 

sample size calculations for larger mHealth intervention trials assessing different health 

behaviors in pregnancy. 
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CHAPTER 5 

5.1 DISCUSSION 

5.1.1 EMat health survey 

The first objective of this thesis was to analyze the association between i) eating habits 

during pregnancy, ii) advice from family or friends about GWG, and iii) personal effort to stay 

within weight gain limits, and meeting GWG recommendations. This was undertaken by 

examining cross-sectional data from the EMat health survey. The EMat is an online 

questionnaire, developed and validated by the Adamo Lab research group,137 that aimed to 

evaluate factors that may impact GWG. From the 1,171 eligible women that completed the EMat 

survey and had their responses analyzed for the objective of this thesis, 365 participants reported 

receiving advice from their HCP about GWG recommendations and were included in the subset 

analysis. The main analysis of this study illustrated that eating behaviours (i.e., reporting less 

healthy eating habits/not being able to evaluate if habits have changed), friends/family advising 

about GWG, and making a lower effort to stay within weight gain limits appeared as risk factors 

that may potentially be contributing to being discordant with recommendations. Covariates such 

as sociodemographic characteristics, lifestyle, and BMI were not confounders for these 

associations. 

Regardless of receiving HCP counselling about weight gain during pregnancy, our 

findings suggest that participants who self-reported a reduction in healthy eating habits, who 

received advice from family/friends about weight gain during pregnancy, and declared putting 

forth a lower personal effort to stay within weight gain limits, had a greater likelihood of gaining 

below or above GWG guidelines. These results are in accordance with previous work, in which a 

high number of pregnant women gained weight outside recommendations after receiving GWG 
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counselling from their HCP.117,141 Although specific characteristics (i.e., overweight or obese 

BMI, being pregnant for the first time, higher socioeconomic status and age, history of diet, and 

reporting low physical activity levels) may increase the likelihood of being advised regarding 

GWG recommendations,115 HCP guidance alone seems to be not sufficient to guarantee adequate 

weight gain during pregnancy.  

The association between poor eating behaviours and falling outside GWG guidelines is 

well established;23,142-145 however, the lack of communication between HCP and pregnant 

women about healthy eating habits may prevent optimal weight gain during pregnancy.146 

Qualitative data have shown that women who experience poor communication with HCP about 

eating behaviours during pregnancy may develop feelings of guilt and judgement.146 Pregnant 

women’s food beliefs have also been associated with their cultural background.147 The social and 

physical environment that women are exposed to will likely influence their behaviours and, 

consequently, GWG.148 Common beliefs, such as ‘eating for two’ during pregnancy are 

frequently transferred between generations and can result in suboptimal GWG.149 For this reason, 

HCP advice on GWG should take into account women’s environment including their family and 

friends.  

With regards to a woman’s personal effort and meeting GWG guidelines, it is expected 

that positive attitudes (i.e., healthy diet and intention to achieve recommendations) are associated 

with optimal pregnancy outcomes.150 Similar to the current literature,31 our findings showed that 

a lack of personal effort increases the likelihood of gaining exclusively below GWG guidelines. 

Future research should better explore the association between personal self-efficacy and GWG. 

Collectively this work demonstrated that receiving advice from HCP is likely not 

sufficient on its own in helping women to meet weight gain recommendations during pregnancy. 



 

 58 

Other than improving the traditional in-person approaches, the implementation of new strategies 

such as mHealth and community-based interventions focused on optimal GWG and healthy 

behaviours may benefit women and their children. 

 

5.1.2 SmartMoms Canada app 

The second study of this thesis sought to assess the effectiveness of the SmartMoms 

Canada mHealth program in helping women achieve adequate GWG and adhere to healthful 

behaviours related to nutrition, physical activity, and sleep. Through the short-term 

implementation of this mHealth intervention, it was found that participants with a higher app 

usage had a greater daily average of moderate-to-vigorous physical activity in the second 

assessment when compared with women in the lower app usage group. A moderate effect size 

was observed when we compared rates of meeting GWG guidelines at assessment 2 (~24 

gestational weeks) of women among the different app usage groups. The percentage of women 

within GWG recommendations was 28.6% in the higher usage group and 15.4% in the lower 

usage one. It is well-known that the majority of weight gain happens in the second-trimester151 

and the identification of women that may be already at risk of pregnancy complications due to 

gaining weight outside the recommendation is fundamental to an early and more effective 

intervention.152 Given the high sensitivity of excessive weight gain between 19-28 gestational 

weeks for total GWG,153 the findings of my second study regarding weight gain at assessment 2 

are expected to be extrapolated to the total GWG (i.e., at the end of pregnancy). 

As suggested in the discussion of the EMat study (first objective of this thesis), mHealth 

interventions may be a cost-effective solution to improving GWG and healthy behaviours during 

pregnancy. Considering that 99% of the Canadian population has access to wireless networks 
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and 90% owns a mobile phone, the country continues to lead the world in online 

engagement.120,121 A high percentage of women in their childbearing years use at least one 

smartphone app,119 which suggests that this is a widely available route of delivery for health 

information. For instance, a systematic review on mHealth interventions for pregnant women 

identified only three app-based studies between 2012 and 2020.129 These three app interventions 

have targeted GWG130,132 and physical activity131 only. A more recent app-based study from 

2021 also looked at the effect of a lifestyle intervention on GWG, body fatness, dietary habits, 

physical activity, glycemia, and insulin resistance, and found a positive app effect in promoting 

healthy dietary behaviours.154 Due to the limited number of mHealth interventions delivering 

information exclusively through apps, the findings regarding effectiveness of the use of 

evidence-based apps to improve GWG and healthy behaviours are inconsistent. 

To the best of our knowledge, the SmartMoms Canada app program is the first one to 

address sleep during pregnancy. Moreover, the only previous study that considered rates of app 

usage during pregnancy evaluated app session count and not duration of usage.155 The 

SmartMoms Canada app has shown a positive intervention effect if we consider that women with 

a higher app usage presented greater moderate-to-vigorous physical activity at the second 

assessment when compared with women in the lower usage group. According to the '2019 

Canadian Guideline for Physical Activity throughout Pregnancy’, the practice of at least 150 min 

of moderate-to-vigorous physical activity per week is associated with the prevention of 

pregnancy complications.83 The SmartMoms Canada app intervention is delivered through a 

diverse number of features, and one feature of particular relevance to my findings is the 

‘Exercise’ page that has been evaluated in a focus group study and was updated based on 

pregnant and postpartum women feedback.44 The exercise content was perceived as one of the 
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strengths of the app and could be a factor contributing to our findings associated with improved 

physical activity. 

Future studies should focus on the long-term effects of mHealth interventions on GWG 

management and healthy behaviours during pregnancy and take into consideration participants 

usage duration. Strategies to increase app usage may expand the effect of these interventions on 

other healthy behaviours. The results from this second thesis objective will assist future mHealth 

trials focused on diet, physical activity, and sleep behaviours. 

 

5.2 LIMITATIONS 

The limitations of the EMat and SmartMoms Canada studies are outlined in detail in the 

published and submitted manuscripts above (Chapter 3 and 4). For instance, there are specific 

limitations that have set the parameters of both studies presented in this thesis and are worthy of 

discussion. With respect to the characteristics of the EMat survey respondents and SmartMoms 

Canada participants, it is important to recognize that our sample is quite homogeneous and may 

not be fully representative of the Canadian pregnant population. Participants involved in both 

studies were predominantly educated, white, and with a high annual income. Future research 

should aim to recruit a more diverse population, so external validity and generalizability of the 

results will be possible. 

 

5.3 FUTURE DIRECTIONS 

 Considering the association between eating habits, family/friends GWG advice, and 

personal effort with gaining weight outside guidelines that was found in the EMat study, 

alternative approaches that target these avenues should be considered to promote a healthy 
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GWG. The adoption of mHealth tools represents an innovative solution to common barriers of 

the traditional prenatal health care. For example, the use of ‘smart’ technologies such as the ones 

provided in the SmartMoms Canada study to track individual behaviours have become more 

attractive as mobile devices became ubiquitous. However, the literature on app-based 

interventions mediated by these technologies to promote healthy behaviours and adequate GWG 

is limited. 

 The SmartMoms Canada study presented in this thesis is an attempt at providing 

participants with a pregnancy-specific app designed to promote appropriate GWG and healthy 

behaviours. Evidence-based content was available in the diverse features of the app such as the 

‘SmartTips’, ‘Health’, and ‘Exercise’ pages to be accessed by the participants at any time. 

Nonetheless, women engaged in the intervention were not asked to change their usual routines 

recommended by the HCP. Participants were generally advised to use the SmartMoms Canada 

app and the associated devices as much as possible during the study period without accesses and 

duration of usage being prescribed by the researchers. 

 In the context of future studies, there are five main recommendations based on the 

lessons learned in the EMat and SmartMoms Canada studies. The first recommendation is to 

confirm if the short-term results found in the SmartMoms Canada study will be carried over into 

long-term effects (e.g., at late pregnancy) of this mHealth intervention.  

 Second, we suggest that the effect sizes presented in the SmartMoms Canada study 

should be used in future research as they will permit more robust sample size calculations for the 

study outcomes (i.e., GWG and healthy behaviours). For instance, the present data will help our 

research team in preparing for a more substantial phase of SmartMoms Canada platform testing 
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(i.e., implementation trial). The derived effects sizes can also inform the calculation of a cost 

savings analysis (e.g., reduced costs for patients, prenatal clinics, Canadian health system). 

 Third, in terms of future study populations, specific cultural and linguistic norms should 

be considered for future research to recruit a more diverse sample. The current version of the 

SmartMoms Canada app is a starting point that can be easily adapted for multiple languages, for 

different chronic conditions (e.g., targeting gestational diabetes or hypertensive patients), cultural 

variations, and extended into the postpartum period.  

 Fourth, future versions of the SmartMoms Canada app and other mHealth programs 

should take into account participants’ feedback in order to increase their adherence to the 

intervention. Adherence is a common challenge in lifestyle intervention trials; however, we 

expect that the personalization, convenience, and flexibility offered by the app-based 

interventions will help increase participants engagement. 

 Lastly, based on the SmartMoms Canada app usage, the next version of this tool and 

other app-based interventions should consider adding specific tasks and goals to be completed by 

the participants. Specific to our SmartMoms Canada app, we could encourage regular app usage, 

with the inclusion of a specific exercise schedule. Other than exercise examples, participants 

would also have access to which activities they could complete at every gestational week. A 

merged platform for participants to engage with other group members may also benefit 

increasing app usage through social interactions. Group-based tasks could be created to enhance 

participant engagement. 
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5.4 CONCLUSION 

Combined, the EMat and SmartMoms Canada studies have contributed to identify and 

target potential factors associated with discordant GWG and healthy behaviours. Understanding 

additional contributors of weight gain outside recommendations will help inform the 

development of interventions aimed at improving maternal and infant health outcomes. Factors 

such as eating behaviours, social context, and personal attitude highlighted in the EMat study 

have an important role on gaining weight within guidelines. Regardless of HCP guidance about 

GWG, women are likely influenced by their physical and social environment. These findings 

from the EMat study emphasize the utmost importance of alternative interventions to improve 

GWG management such as the SmartMoms Canada program. This app-based mHealth 

intervention is one of the first to focus on GWG along with healthy behaviours including diet, 

physical activity, and sleep during pregnancy. Overall, the short-term effects of the SmartMoms 

Canada app demonstrate promise in app-based interventions for GWG and physical activity 

behaviours.  
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