
1 

Evaluation of mHealth apps for women of 

reproductive age: generating evidence to 

inform best practice 

Loretta May Musgrave 

RN, RM, BN, Grad Dip Mid, MEd 

A thesis submitted to fulfil the requirements for the degree of Doctor of Philosophy 

Faculty of Medicine and Health 

Discipline of Obstetrics, Gynaecology and Neonatology 

University of Sydney 2022



2 

Author declaration 

I, Loretta May Musgrave, declare that to the best of my knowledge and belief, the 

content of this thesis is my work and has not been submitted for any degree or other 

purposes. I declare that the intellectual content of this thesis is the product of my work 

and that all the assistance received in preparing this thesis and sources are 

acknowledged in the text. 

Signature: 

Name:   Loretta May Musgrave  

Date:    15 December 2022 



3 

Supervisory statement 

The research candidate carried out the work presented in this thesis under the primary 

supervision of Professor Adrienne Gordon at the Sydney Medical School, The 

University of Sydney. Co-supervision was by Professor Caroline Homer at the Burnet 

Institute. This thesis benefitted from a multidisciplinary collaboration, and the relative 

contributions of each collaborator are provided in Chapter 9. The candidate was solely 

responsible for conceiving the direction of the thesis and undertaking the individual 

projects contained within. 

Signature:   

Name: Professor Adrienne Gordon 

Faculty of Medicine and Health, The University of Sydney  

Date:  3 November 2022 

Signature: 

Name: Professor Caroline Homer 

Burnet Institute  

Date:   3 November 2022 



4 

Acknowledgements 

Acknowledgement of country 

I acknowledge the Gadigal People of the Eora Nation, upon whose ancestral lands 

The University of Sydney stands. I pay my respects to Elders past, present and 

emerging, acknowledging them as the traditional custodians of knowledge for this land. 

I acknowledge the meaning and significance of Birthing on Country for Aboriginal and 

Torres Strait Islander women in Australia. I express my commitment to be a part of the 

changes required in the Australian healthcare and maternity systems to appropriately 

support Aboriginal women and their families during the significant cultural and life event 

of childbearing. 

Professional acknowledgements 

I give my most heartfelt thanks to Professor Adrienne Gordon and Professor Caroline 

Homer for their extraordinary supervision and mentorship during my candidature. Your 

patience, guidance, and experience have made my academic achievements possible. 

You have walked with me and given me support through all the stages of my studies, 

encouraging me to be optimistic and determined. You are amazing women, and I am 

so lucky to have you as my ‘ladder holders’. 

Many thanks to Isabel and Jess at The Expert Editor services for copy-editing and 

proofreading my thesis with such skill and care. 

Funding acknowledgement 

I received invaluable financial support from the Charles Perkins Centre by way of 

awarding me the generous, inaugural, Ho Kong Fung Ling Postgraduate Research 

Scholarship, and a postgraduate top-up from the Stillbirth CRE; for both I give thanks. 



5 

Personal acknowledgements 

Several people were essential to my completing this doctorate. I would like to 

especially thank Associate Professor Cindy Mak, Dr Loretta Rowan, and the cancer 

team at the Chris O’Brien Lifehouse for their holistic support and kindness during my 

illness; without you, I may not be here today. 

I am fortunate to also have a wider group of wonderful friends who have supported me 

throughout my PhD candidature. They have persistently kept in touch to provide care 

packs, shoulders to cry on, and diversion when I needed to be reminded that they were 

still around no matter how many times I “dropped out”.  

My family have provided me with ongoing encouragement and sanity: especially my 

parents and husband, who have supported me in maintaining a somewhat normal life 

through the turbulence of the last six years. To my daughter Evie, for the genesis of 

undertaking this PhD, as I strive to make the world a better place for women and 

babies, I hope you are as proud of me as I am of you.  



6 

Publications included in this thesis 

This thesis is presented for examination as a thesis with publication. The publications 

arising from the research are listed below in the order they appear in the thesis. Signed 

author contribution statements are included in Chapter 9. 

The publications included in this thesis are Open Publications and are distributed under 

the terms of the Creative Commons Attribution Non-Commercial license (CC BY-NC 

4.0). The use, distribution, or reproduction in forums other than the journal they were 

published by is permitted, provided the original author(s) and the copyright owner(s) 

are credited and that the original publication in the journal is cited, per accepted 

academic practice. 

Chapter Status Details 

3 Published Musgrave L, Cheney K, Dorney E, Homer C, Gordon A 

Addressing Preconception Behavior Change Through Mobile 

Phone Apps: Systematic Review and Meta-analysis 

J Med Internet Res 2023;25:e41900 

URL: https://www.jmir.org/2023/1/e41900 

DOI: 10.2196/41900 

4 Published Musgrave LM, Homer CSE, Gordon A. Knowledge, attitudes, 

and behaviours surrounding preconception and pregnancy 

health: an Australian cross-sectional survey. BMJ Open 2023; 

13:e065055.  

URL: http://dx.doi.org/10.1136/bmjopen-2022-065055 

DOI: 10.1136/bmjopen- 2022-065055 

5 Under review Musgrave LM, Sheehy A, Homer CSE, Gordon A. Understanding 

Australian women’s needs and preferences for pregnancy 

information: a qualitative descriptive study. Reproductive, 

Female and Child Health; under review. 

6 Published Musgrave LM, Kizirian NV, Homer CSE, Gordon A. 

Mobile Phone Apps in Australia for Improving Pregnancy 

Outcomes: Systematic Search on App Stores. JMIR Mhealth 

Uhealth 2020;8(11):e22340  

https://www.jmir.org/2023/1/e41900
http://dx.doi.org/10.1136/bmjopen-2022-065055


7 

URL: https://mhealth.jmir.org/2020/11/e22340 

DOI: 10.2196/22340 

7 Published Musgrave LM, Baum A, Perera N, Homer CSE, Gordon A. 

Baby Buddy App for Breastfeeding and Behavior Change: 

Retrospective Study of the App Using the Behavior Change 

Wheel. JMIR Mhealth Uhealth 2021;9(4):e25668 

URL: https://mhealth.jmir.org/2021/4/e25668  

DOI: 10.2196/25668 

9 Published Musgrave LM, Homer CSE, Kizirian NV, Gordon A. Addressing 

preconception behaviour change through mobile phone apps: a 

protocol for a systematic review and meta-analysis. Systematic 

Reviews 8, 86 (2019). 

URL:  https://doi.org/10.1186/s13643-019-0996-6 

DOI: 10.1186/s13643-019-0996-6 

https://mhealth.jmir.org/2020/11/e22340
https://mhealth.jmir.org/2021/4/e25668
https://doi.org/10.1186/s13643-019-0996-6


8 

Human research ethical approval 

All research presented in this thesis has been approved by the relevant Human 

Research Ethics Committee (HREC). 

Ethics approval for the study presented in Chapter 4 was granted by the Sydney Local 

Health District (SLHD) Ethics Review Committee (RPAH Zone) (Ref: X15-0325). 

Ethics approval for the study presented in Chapter 5 was obtained from SLHD Ethics 

Review Committee (Ref: X16-375; HREC/16/RPAH/519).   



9 

Table of Contents 
Author declaration ..................................................................................................... 2 

Supervisory statement ............................................................................................... 3 

Acknowledgements ................................................................................................... 4 

Acknowledgement of country ................................................................................. 4 

Professional acknowledgements ........................................................................... 4 

Funding acknowledgement .................................................................................... 4 

Personal acknowledgements ................................................................................. 5 

Publications included in this thesis ............................................................................ 6 

Human research ethical approval .............................................................................. 8 

Abstract ................................................................................................................... 14 

Background ......................................................................................................... 14 

Aim ...................................................................................................................... 14 

Methods .............................................................................................................. 14 

Findings .............................................................................................................. 15 

Conclusion .......................................................................................................... 15 

List of tables ............................................................................................................ 16 

List of figures ........................................................................................................... 17 

CHAPTER 1: Introduction ..................................................................................... 18 

1.1 Introduction.................................................................................................... 18 

1.2 Aim ................................................................................................................ 18 

1.3 Research Questions ...................................................................................... 19 

1.4 The program of research ............................................................................... 19 

1.5 Definitions and use of terminology ................................................................. 21 

1.6 Summary ....................................................................................................... 22 

CHAPTER 2: Literature Review .............................................................................. 23 

2.1 Introduction.................................................................................................... 23 

2.2 Accessing preconception and pregnancy information in Australia using mHealth

 ............................................................................................................................ 23 

2.2.1 The rise of smartphone usage in the Australian population .................................. 23 

2.2.2 The use of smartphone apps in women prior to and during pregnancy ................ 24 



10 

2.3 Women’s knowledge of reproductive health and relationship with mHealth 

application use .................................................................................................... 26 

2.4 Using mHealth to improve maternal and newborn health outcomes .............. 28 

2.4.1 Preconception and mHealth ................................................................................... 30 

2.4.2 Pregnancy and mHealth ......................................................................................... 31 

2.4.3 Using mHealth apps as a tool to help manage pregnancy complications .............. 33 

2.5 Using mHealth applications as a tool to promote behaviour change .............. 38 

2.5.1 Using behaviour change theory to design mHealth application interventions ...... 40 

2.5.2 Studies that have used behavioural change in the design of mHealth apps for 
women prior to or during pregnancy .............................................................................. 43 

2.5.3 Efficacy of mHealth apps to promote healthy behaviours prior to and during 
pregnancy ........................................................................................................................ 47 

2.6 Assessing the quality of mHealth interventions .............................................. 50 

2.7 Conclusion..................................................................................................... 52 

CHAPTER 3: Addressing preconception behaviour change through mobile phone 
apps: systematic review and meta-analysis ............................................................. 54 

3.1 Chapter aim ................................................................................................... 54 

3.2 Publication details.......................................................................................... 54 

3.3 Author contribution ........................................................................................ 55 

3.4 Manuscript ..................................................................................................... 56 

CHAPTER 4: Knowledge, attitudes, and behaviours surrounding preconception and 
pregnancy health: An Australian cross-sectional survey .......................................... 71 

4.1 Chapter aim ................................................................................................... 71 

4.2 Publication details.......................................................................................... 71 

4.3 Author contribution ........................................................................................ 71 

4.4 Manuscript ..................................................................................................... 72 

CHAPTER 5: Understanding Australian women’s needs and preferences for 
pregnancy information: a qualitative descriptive study ............................................. 81 

5.1 Chapter aim ................................................................................................... 81 

5.2 Publication details.......................................................................................... 81 

5.3 Author contribution ........................................................................................ 81 

5.4 Manuscript ..................................................................................................... 82 



11 

5.4.1 Abstract .................................................................................................................. 83 

5.4.2 Introduction ............................................................................................................ 84 

5.4.3 Methods ................................................................................................................. 85 

5.4.4 Results .................................................................................................................... 87 

5.4.5 Discussion ............................................................................................................. 100 

5.4.6 References ............................................................................................................ 103 

CHAPTER 6: Mobile phone apps in Australia for improving pregnancy outcomes: 
Systematic search on app stores........................................................................... 106 

6.1 Chapter aim ................................................................................................. 106 

6.2 Publication details........................................................................................ 106 

6.3 Author contribution ...................................................................................... 106 

6.4 Manuscript ................................................................................................... 107 

CHAPTER 7: Baby Buddy app for breastfeeding and behavior change: Retrospective 
study of the app using the behavior change wheel ................................................ 119 

7.1 Chapter aim ................................................................................................. 119 

7.2 Publication details........................................................................................ 119 

7.3 Author contribution ...................................................................................... 120 

7.4 Manuscript ................................................................................................... 121 

CHAPTER 8: Summary and discussion of findings ............................................... 132 

8.1 Introduction.................................................................................................. 132 

8.2 Overview of findings .................................................................................... 133 

8.2.1 What evidence is there available to support the use of mHealth apps in 
preconception and pregnancy? ..................................................................................... 133 

There is a lack of evidence to support the use of mHealth applications prior to and 
during pregnancy ........................................................................................................... 133 

8.2.2 How do women get information about preconception and pregnancy health and 
what are their preferred sources? ................................................................................ 135 

Women prefer trusted information and access it through multiple sources including 
mHealth applications ..................................................................................................... 135 

8.2.3 What is the quality of free publicly available mHealth apps in Australia and could 
they be used as an intervention to change behaviour? ................................................ 137 

The highest rated pregnancy apps in Australia are not of high quality and most do not 
consider behaviour change in their design ................................................................... 137 

8.2.4 What does a good example of an mHealth app for pregnancy look like? ........... 138 



12 

Pregnancy apps that are co-designed, evidence-based and developed using validated 
frameworks are more likely to positively impact   behaviour changes ......................... 138 

8.3 Strengths ..................................................................................................... 139 

8.4 Limitations ................................................................................................... 141 

8.5 Directions for future research and practice .................................................. 143 

8.5.1 Accessing mHealth in Australia ............................................................................ 144 

8.5.2 Engaging women as co-designers and co-creators in mHealth interventions ..... 146 

8.5.3 Regulation and quality control of mHealth interventions .................................... 147 

8.5.4 Implementing and sustaining mHealth interventions prior to and during 
pregnancy ...................................................................................................................... 148 

8.6 Conclusion................................................................................................... 149 

CHAPTER 9: References, statements of contributions, presentations and conference 
abstracts and appendices ..................................................................................... 151 

9.1 References .................................................................................................. 151 

9.2 Conference presentations and abstracts ..................................................... 166 

9.3 Statements of contributions ......................................................................... 168 

APPENDIX A......................................................................................................... 175 

Appendix A1: Published protocol ....................................................................... 175 

Appendix A2: Database search strategy ............................................................ 185 

Appendix A3: Reports excluded ........................................................................ 194 

Appendix A4: Characteristics of included studies (ordered by study ID) ............ 197 

Appendix A5: Characteristics of ongoing studies ............................................... 220 

Appendix A6: Summary of findings table ........................................................... 225 

Appendix A7: Secondary outcomes ................................................................... 227 

Appendix A8: Comparisons ............................................................................... 229 

APPENDIX B......................................................................................................... 231 

Appendix B1: Survey ......................................................................................... 231 

Appendix B2: Women’s knowledge of the impact of weight gain before and during 

pregnancy on outcomes for women and babies based on BMI .......................... 258 

APPENDIX C ........................................................................................................ 259 



13 

Appendix C1: Frequency of behaviour change technique inclusion across the apps 

(Breastfeeding n = 49. Maternal fetal movement monitoring n = 52, Healthy weight 

in pregnancy n = 40) .......................................................................................... 259 

APPENDIX D ........................................................................................................ 261 

Appendix D1: Reports supplied by Best Beginnings .......................................... 261 

Appendix D2: Using the Behavior Change Wheel (BCW) to analyse breastfeeding 

video content in the Baby Buddy app ................................................................ 263 

Appendix D3: Complete analysis of all breastfeeding items reports supplied by Best 

Beginnings ........................................................................................................ 267 

Appendix D4: APEASE (affordability, practicability, effectiveness, affordability, 

safety, and equity) criteria ................................................................................. 271 



14 

Abstract 

Background 

Preconception and regular antenatal care are crucial to improving life-long outcomes. 

Women of childbearing age utilise various strategies to receive information during 

these time points, including online and through digital applications (mHealth). It is 

unknown what works in terms of apps that promote positive behaviour changes; how 

women access such information; what information women want about preconception 

and pregnancy care in Australia; and what are the best mobile phone apps available 

in Australia. The thesis will therefore focus on the field of mHealth interventions in the 

preconception and pregnancy periods.    

Aim 

This study aimed to generate evidence to inform future development and utilisation of 

preconception and pregnancy-specific mHealth behaviour change interventions.  

Methods 

Five studies were undertaken to achieve the aim. Firstly, a systematic review and 

meta-analysis was undertaken which compared the effectiveness of mobile phone 

applications verse standard care in promoting positive behaviour changes 

preconception. Secondly, a cross-sectional survey of women of reproductive age was 

conducted to explore the knowledge, attitudes, beliefs, and preferences for information 

about preconception and pregnancy care in Australia.  Thirdly, a qualitative descriptive 

study was conducted to explore in more detail how women access pregnancy-related 

information. Fourthly, a study was conducted to identify and review high-quality 

pregnancy mobile phone apps. Finally, we undertook a retrospective mapping study to 

examine the development of a high-quality mobile phone app called Baby Buddy.  
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Findings 

The systematic review showed no clear benefit in using mHealth apps compared to 

usual care in promoting positive behaviour changes for women before they are 

pregnant. Despite this, the cross-sectional survey showed that women both prior to 

and during pregnancy access many sources for reproductive health information, with 

a trend towards information from trusted health professionals being preferred. Women 

reported having knowledge about issues such as weight but often had less knowledge 

about adverse outcomes for them and their babies. The most popular freely available 

apps for pregnancy in Australia are generally of low to moderate quality and are not 

underpinned by behaviour change theory. The analysis of the development of the UK 

app Baby Buddy demonstrated that using a behavioural change framework to guide 

the design and development of mHealth apps is beneficial for identifying which 

components and behavioural techniques may be most effective in changing behaviour 

and supporting positive behaviour changes in reproductive health. 

Conclusion 

Given that women prefer to receive information from healthcare professionals and 

widely access mHealth, new health strategies must be co-designed with women and 

clinicians to meet current and future needs. To do this, best practice development of 

digital behaviour change interventions is required using a behaviour change theoretical 

framework. 
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CHAPTER 1: Introduction 

1.1 Introduction 

More than 300,000 women gave birth in Australia in 2021 [1]. In a resource-rich country 

such as Australia, most women are known to seek information about pregnancy either 

before they become pregnant (preconception) or during their pregnancy [2]. 

Preconception and regular antenatal care are crucial to improving life-long outcomes. 

Health professionals provide reproductive health information to most childbearing 

women. However, there is increasing evidence that this information does not always 

meet women’s individual needs, nor is access to information and/or reproductive 

health care equitable across different cohorts of women [3].  

Women are increasingly turning to mobile health technologies (referred to as mHealth 

platforms) to access and engage with health information [3]. The trend towards greater 

mHealth use provides an opportunity to extend the reach of quality reproductive health 

information to all women [4]. Smartphones are the most accessible form of 

communication today. In Australia, smartphone ownership has drastically increased 

over the last five years, with some 86% of people now owning a smartphone [5]. In the 

18 to 34-year-old age group, 97% use smartphones to access the internet, with 83% 

of 18 to 54-year-olds using four or more communication or social media websites or 

apps [6]. In 2020, health, fitness, and nutrition apps were the most popular category 

by reach globally; this equates to nearly 30% of all apps [7]. Research into the 

association between reproductive health, behaviour change prior to or during 

pregnancy, and app use is just starting to emerge [8].  Currently, little is known about 

what works to promote positive behaviour change in mHealth prior to or during 

pregnancy; what are women’s preferences for information via apps regarding 

preconception and pregnancy health information in Australia; and what are the best 

mobile phone apps available in Australia. 

1.2 Aim 

The research project presented in this thesis outlines a program of work that aimed to 

generate evidence to inform future development and use of preconception and 

pregnancy-specific mHealth behaviour change interventions in Australia.  
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1.3 Research Questions 

To achieve the study aim, four research questions were formulated. 

1. What evidence is there available to support the use of mHealth apps in

preconception and pregnancy?

2. How do women get information about preconception and pregnancy health and

what are their preferred sources?

3. What is the quality of free publicly available mHealth apps in Australia and

could they be used as an intervention to change behaviour?

4. What does a good example of an mHealth app for pregnancy look like?

The project used a variety of methodologies designed to answer each specific research 

question. As a result, five discreet studies were undertaken.   

1.4 The program of research   

This program of research takes a life-course approach to women’s health. A life course 

approach focuses on the potential for early intervention and it goes beyond general 

health promotion to those aspects of reproductive health that have implications for 

women’s future health and the health of the next generation [9]. Firstly, a narrative 

review was conducted on the mHealth literature and its use as a source of information 

and an intervention tool for changing behaviour and improving preconception and 

pregnancy outcomes. The purpose of the review was to examine the literature to 

determine knowledge gaps, key concepts, and as a precursor to a systematic review. 

This narrative review is presented in Chapter 2.  

Chapters 3, 6 and 7 evaluate the evidence and quality of mHealth apps for 

preconception and pregnancy health. A systematic review and meta-analysis (Chapter 

3) were conducted to synthesise evidence of the effectiveness of mobile phone

applications in promoting positive behaviour changes for women of reproductive age

before they become pregnant (preconception and inter-conception periods). This

paper, titled ‘Addressing preconception behaviour change through mobile phone apps:

a systematic review and meta-analysis’, has been submitted to the Journal of Medical

Internet Research and is currently under review.

Chapter 6 was undertaken to generate evidence about the quality of freely available 

pregnancy mobile phone applications (‘apps’) available to women in Australia. The 

hypothesis was that the most downloaded and highly rated free pregnancy apps in 
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Australia would be of generally low quality when assessed using validated quality tools. 

App stores were systematically searched to identify the top 10 freely available 

pregnancy apps in Australia. The Mobile Application Rating Scale (MARS), a validated 

tool [10], was used to assess the quality, while the Coventry, Aberdeen, and London-

Refined (CALO-RE) taxonomy [11] of behaviour change techniques was used to 

assess the potential of the top 10 apps to positively impact on pregnancy behaviours. 

The study is presented in Chapter 6 and has been published (Musgrave LM, Kizirian 

NV, Homer CSE, Gordon A. Mobile Phone Apps in Australia for Improving Pregnancy 

Outcomes: Systematic Search on App Stores. JMIR Mhealth Uhealth 2020; 8(11): 

e22340).  

Chapter 7 applied the Behaviour Change Wheel (BCW) framework to retrospectively 

explore the development and behaviour change techniques used in the free pregnancy 

app Baby Buddy. The app is not currently available in Australia; however, it is used 

widely in the United Kingdom (UK), embedded into the National Health Service (NHS) 

maternity services setting and has supporting publications showing potential health 

benefits: specifically, improvements in exclusive breast feeding at 3 months for app 

users [12]. It was hypothesised that the design of Baby Buddy had incorporated 

behaviour change theory and techniques and these considerations had influenced the 

positive effects on breastfeeding. The intent was to better understand what the 

components of ‘a good app’ might be using Baby Buddy as an example. This study is 

presented in Chapter 7 and has been published (Musgrave LM, Baum A, Perera N, 

Homer CSE, Gordon A. Baby Buddy App for Breastfeeding and Behaviour Change: 

Retrospective Study of the App Using the Behaviour Change Wheel. JMIR Mhealth 

Uhealth 2021;9(4): e25668). 

Two original studies were conducted (Chapter 4 and 5) to explore preferences for 

access to information in both the preconception and pregnancy periods of a woman’s 

life. In Chapter 4, a survey was used to explore women of reproductive age’s 

knowledge, attitudes, beliefs, and preferences for information about preconception and 

pregnancy care in Australia. It is important to understand the population’s needs to 

develop services and interventions. This study hypothesised that women have access 

to multiple sources of information, both preconception and during pregnancy, but 

prefer the information to come from trusted sources. The paper, titled ‘Knowledge, 

attitudes, and behaviours surrounding preconception and pregnancy health: an 

Australian cross-sectional survey’, has been published in BMJ Open and forms the 

basis for Chapter 4.  
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Chapter 5 aimed to build on the results of the cross-sectional survey and the 

understanding that mobile health plays a large role in health-seeking behaviours, 

evident by the literature review.  Using a qualitative exploratory methodology, the study 

explored in more detail how women access pregnancy-related information. The paper, 

titled ‘Understanding Australian women’s needs and preferences for pregnancy 

information: a qualitative descriptive study’, has been submitted to Birth and is under 

review. 

In Chapter 8, the main findings of the research program are summarised, and the 

implications for practice and future research are discussed. Before moving to 

Chapter 2, which presents the narrative literature review, common terminology used 

throughout the thesis is defined and explained.  

1.5 Definitions and use of terminology 

mHealth has been defined by The World Health Organization (WHO) Global 

Observatory for Electronic Health (‘eHealth’) as mobile health technologies within the 

area of eHealth that provide health services and information via mobile technologies 

such as mobile phones and personal digital assistants (PDA) [13]. mHealth may also 

denote the use of  “mobile devices to monitor or detect biological changes in the human 

body, while device management entities, such as hospitals, clinics, or service 

providers, collect data and use them for healthcare and health status improvement” 

[14].  

A mobile device is a handheld tablet or other device that is portable, such as mobile 

phones, tablets, patient monitoring devices (wearables), PDAs, and laptops [13, 15]. 

mHealth applications or apps are mobile health applications that assist consumers 

or patients in wellness and disease prevention, for example, as an intervention for 

breast cancer prevention and early detection [16, 17]. Mobile health apps have several 

functions, including transmitting information, supporting decision-making, information 

exchange, emotional support, reinforcing self-care, and managing requirements for 

health care services [18]. To further develop mHealth, it has been proposed that four 

core characteristics are researched, 1) the penetration or adoption into populations, 2) 

the availability and form of apps, 3) the availability and form of wireless broadband 

access to the Internet, and 4) the tethering of the device to individuals [19]. Health 

applications include mobile telemedicine, health monitoring and surveillance, and 

access to information for healthcare professionals at the point of care [20].  
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A smartphone is a mobile phone that operates several computer functions and has a 

high-resolution touchscreen interface, internet access, WiFi connectivity, web 

browsing capabilities, and an operating system that can run and download apps [21]. 

The smartphone revolution is believed to have begun with Steve Jobs and Macworld 

in 2007 when the first iPhone was released [22]. These devices primarily run on the 

Android and iOS operating systems. Both Android and iOS have a repository where 

users can download free and paid apps. Smartphone apps are software programs 

that run locally on smartphones but can also run through a web browser. 

The use of the word woman is used in the context of ‘women’s health’ as a field of 

medicine interested in issues affecting the female biological sex.  The studies included 

in the literature review and the studies conducted for this thesis all report results for 

‘female’ participants. We acknowledge that this reflects traditional western gender 

norms of ‘man’ and ‘woman’ and sex characteristics of ‘male’ and ‘female’ assigned at 

birth. Identifying as a ‘woman’ has a significant impact on reproductive health in many 

societies. Sociocultural factors affecting a woman can negatively impact on the quality 

of care received and outcomes for the individual and her children.  

The term preconception is a broad concept that varies for many individuals and 

couples before becoming pregnant. As defined by the WHO, preconception care is a 

set of interventions that are to be provided before pregnancy, to promote the health 

and well-being of women and couples, as well as to improve the pregnancy and child-

health outcomes [23].  

These definitions are used throughout the thesis, including in the papers. 

1.6 Summary 

Chapter 1 has presented the study aims and objectives and outlined the program of 

research that makes up the PhD. The next chapter presents the narrative literature 

review which informed the development of the program of research.  
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CHAPTER 2: Literature Review 

2.1 Introduction 

Chapter 1 has described the context for the study and introduced the concept of 

mHealth technologies that are accessed by women before and during pregnancy. This 

chapter now gives a broad view of the literature and was undertaken to explore key 

areas pertinent to the thesis. These include how women access and use mHealth in 

Australia, mHealth in maternal and newborn care, using mHealth to promote behaviour 

change, behaviour change in mHealth intervention design, and assessing the quality 

of mHealth interventions. 

2.2 Accessing preconception and pregnancy information in 
Australia using mHealth 

The following section reviews key considerations and concepts related to how women 

use technology to access preconception and pregnancy information in Australia.   

2.2.1 The rise of smartphone usage in the Australian population 

Smartphone usage is ubiquitous. In Australia, 23.6 million (87%) of the Australian 

population will own a smartphone by 2026 [7]. Smartphones are now integrated into 

our everyday lives, and the tasks that can be undertaken with them have become more 

advanced. To meet the needs of consumers, the speed at which smartphones are 

transforming has been swift, particularly with developments in wireless technology and 

hardware. Due to the proliferation of 5G networks and the expansion of the Australian 

National Broadband Network (NBN), Australians may be able to use smartphones in 

more innovative ways in the future [7]. 

Smartphones are no longer just used for making and receiving phone calls. They are 

often described as minicomputers and the ‘Swiss Army knives’ of technology [24]. 

Young Australians (18-34 years old) use smartphones more than any other device to 

access the internet (97%), and 83% use four or more communication or social media 

websites or apps. [6]. The use of video streaming on smartphones has also increased 

among younger Australians, who are commonly referred to as 'digital natives' [25]. In 

June 2021, the Australian Communications and Media Authority (ACMA) reported that 

66% of 18 to 44-year-olds streamed video content using their smartphone [26]. Popular 

apps include broadcasting and social networking platforms such as FaceBook Live, 
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Instagram Live Stories, and TikTok. In January 2021, Android users spent an average 

of 23 hours per month streaming videos and interacting with video content via 

YouTube; TikTok came in second, with 13 hours watched [7]. The rise in social media 

and streaming app usage since 2019 has been attributed to public health measures, 

such as government lockdowns, to curb the COVID-19 pandemic [27]. Smartphone 

applications during the pandemic have enabled individuals to remain emotionally 

connected despite social distancing. However, prolonged screen time has caused 

concerns about its impact on physical and mental health [27]. 

The COVID-19 pandemic created a digital health boom [7]. In the first quarter of 2021, 

the Google Play app store reported 3.48 million available apps for Android, and the 

Apple app store was the second-largest app store with 2.22 million available apps for 

iOS [7]. Due to customers’ growing requirements, smartphone vendors are constantly 

being pushed to out-compete each other. Among many other services, Australians are 

using their smartphones for fitness and health tracking. Health, fitness, and nutrition 

apps were the most popular app categories by reach globally during the 3rd quarter of 

2020; this equates to 29.4% of all apps [28]. It is estimated that digital fitness and 

wellness apps will continue to thrive for the next few years [28]. Australia’s smartphone 

digital health market has also undergone rapid growth in public health websites and 

social media engagement. These web-based resources have been developed with 

end-user access in mind, with many now linking to apps so that they can be accessed 

via a smartphone, such as MyGov and the HealthDirect website. Furthermore, it is 

predicted that there will be a continuation of the integration of smartphone apps and 

medical devices into healthcare delivery. These technologies have demonstrated 

significant potential to positively affect the patient-clinician relationship, improve 

prevention and treatment, and help patients make sustained behaviour change [29].   

2.2.2 The use of smartphone apps in women prior to and during 
pregnancy 

Technology has become increasingly popular with women as a means of receiving 

general health information, receiving support, and supplementing face-to-face and 

paper-based delivery methods [30, 31].  ‘Fem-Tech’, coined by Ida Tin (2013), is often 

used to describe services, products, and software designed to address the unique 

biological and medical needs of women [32]. Smartphone apps for reproductive health 

are among the fastest-growing ‘Fem-tech’ industries and are gaining popularity 

worldwide [33-35]. Women’s reproductive health apps include many functions, such 

as menstrual cycle tracking, contraception advice, and pregnancy monitoring [3, 36]. 
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In the health category of the iTunes store, women’s health and pregnancy apps make 

up 9% of the apps available [37]. 

The trend toward using mHealth creates an opportunity to reach those people who are 

less likely to engage with health care providers or are yet to do so. Smartphones are 

the most accessible form of communication today. Evidence has begun to emerge 

about the association between reproductive health, pregnancy knowledge, and 

mHealth use [38, 39]. A recent Australian survey showed that women who used mobile 

phone apps were more likely to correctly identify the most fertile time in the menstrual 

cycle (15.7% x2 = 16.7, P< 0.001) [38]. The authors concluded that apps may be a 

means to promote primary health messaging, but stated that further research is 

needed [38].  

There was an increase in the use of mHealth to provide information to pregnant women 

in the COVID-19 pandemic. A study by Aydin et al. [40] which investigated the 

experiences of pregnant women during COVID-19 concluded that the pandemic had 

affected both the physical and psychosocial health of pregnant women and access to 

antenatal care services. This study recommended that health services provide 

pregnant women with 24/7 access to timely and accurate information resources that 

are free of charge and accessible online [40]. The challenge is ensuring that this 

information is evidence-based, suitable, and accessible to all.  

Despite the increasing use of mHealth apps, several concerns exist about their 

associated risks, particularly around data security and privacy [41]. The need to better 

protect citizens data under Australian law was highlighted during the COVID-19 

pandemic and more recently with various data breaches (e.g. Optus 

telecommunication, Medibank Private) [42]. Pregnant women, like all consumers, are 

concerned about the privacy and security of their data, especially when they use apps 

[41-45]. Barassi (2017) [43]  suggested that from a broader political economic context, 

pregnancy apps facilitate self-tracking practices and surveillance in order for 

companies to mine data and make a profit; this is particularly true with ‘free’ apps [43]. 

Crawford et al. (2015) [44] posited that this creates a social tension between the needs 

of women to rationalise and control the processes of pregnancy on one hand, and the 

lack of control over the data they produce on the other. 

Other concerning issues are the reliability, validity, and accuracy of information found 

in pregnancy apps. Several studies have found that very few apps cite evidence-based 

health literature [45, 46], include women in the co-creation [47-49], or seek the 
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expertise of healthcare professionals in designing pregnancy apps [50]. An Australian 

study by Hughson et al. [3] found that users of pregnancy apps would prefer that the 

content of the app is relevant to their local health care context and comes from a trusted 

source. The researchers concluded that there is a need for greater health professional 

and institutional engagement in app development [3].  

There have been significant changes in mHealth since I began my candidature. In 

2016, the executive board of the World Health Organization (WHO) reported that 

governments were finding it challenging to assess, scale up, and integrate mHealth 

solutions. Although these issues are still a challenge today, governments have been 

pressed to implement mHealth solutions and these are now considered part of 

mainstream healthcare [51]. The post pandemic era has highlighted the need to 

conduct further research related to how women used smartphone applications both 

prior to and during pregnancy.  

2.3 Women’s knowledge of reproductive health and relationship 
with mHealth application use 

Understanding how women gain knowledge of reproductive health is an important first 

step when designing mHealth resources and interventions. In 2016, Lupton et al. [52, 

53] conducted an online survey investigating Australian women's use of pregnancy

and parenting apps. The survey was administered by a market research company and

distributed to the company’s research panels. A total of 410 Australian women between

the ages of 18 and 45 who were currently pregnant or had given birth at least once in

the past three years were asked about their attitudes towards data privacy and

security, the information provided by these apps, and what app features were

appealing. The apps downloaded by users were grouped into three main categories:

pregnancy and fetal monitoring, pregnancy information, and entertainment [52, 53].

Results showed that 73% of those who completed the survey had used an app and

done so often during their pregnancy. Almost three-quarters (74%) of app users had

not checked the validity of the information, and few seemed concerned about how their

data may have been used by the apps’ developers [52, 53]. The majority of those who

completed the survey were English speaking, lived in an Australian city, and had

completed tertiary education [52, 53]. This study gives insight into a group of women

who had access to smartphones and did not examine the use of apps by marginalised

women; it therefore cannot be generalised to all women or parents who are pregnant

or parenting. The authors identified the need to conduct mixed methods research in

app usage and health interactions as well as how to assess the acceptability of
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clinicians and women across all socio-economic groups [52, 53].  

In 2017, a qualitative study was conducted in Australia that investigating fertility-related 

knowledge and information-seeking behaviour, including mHealth, among people of 

reproductive age (aged 20-45 years) [54]. The researchers recruited two groups: 

‘contemplators’ (women and men planning to conceive but who were not currently 

trying to) and ‘preparers’ (couples who were actively trying to conceive).  Several gaps 

in fertility knowledge were identified, and the most commonly used resource for 

sourcing fertility-related information was the internet, ‘Google’ in particular [54]. 

Several modes of delivery of fertility-related information were identified, including 

health care providers, social media, television and radio, and magazines. Social media 

forums were identified as the most effective way to disseminate messages and 

strategies about fertility information to many people [54]. How women use 

smartphones to access interactive forums is a growing area of interest. Research into 

how to harness the social components of mHealth must be undertaken before it can 

be used to replace current information resources used in maternity care. 

Pregnant women commonly download pregnancy-related apps and find them valuable 

sources of information and support [53]. A common theme in the literature is that 

women want trustworthy information included in apps that addresses common 

concerns and can be tailored to meet individual needs [55-59]. Those who live in rural 

and urban areas should have equal access to mHealth, as should those from different 

socioeconomic backgrounds [55]. Although research suggests that women’s 

knowledge may be improved through targeted app usage, it is widely accepted that 

knowledge alone is not enough to change behaviours to enhance maternal and 

neonatal outcomes [60]. To positively change behaviour, digital interventions need to 

be developed with a thorough understanding of the target actions that need 

modification through a behaviour change framework [61-63]. For example, app 

designers need to focus on the skills, motivation, self-efficacy, accountability, and 

perceived social and environmental barriers that need to be addressed to significantly 

impact on behaviour change [60, 62, 63].  

At the commencement of my candidature (2016), there were no publications that 

addressed behaviour change theory in the design of preconception or pregnancy apps. 

To address the gap in the literature, I conducted two studies: an Australian app store 

review of the most popular pregnancy apps (Chapter 6) and the Baby Buddy (Chapter 

7) study. 
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2.4 Using mHealth to improve maternal and newborn health 
outcomes 

The use of mHealth tools to improve outcomes for mothers and babies has been a 

research area of interest since 2016, particularly in low-middle income countries. Lee 

and colleagues were the first to publish a systematic review and meta-analysis that 

assessed the effectiveness of mHealth interventions for maternal, newborn, and child 

health in low- and middle-income countries [45]. The studies included in this review 

evaluated interventions delivered through mobile Information and Communication 

Technologies (ICTs) using various delivery modes. This review had a vast range of 

mobile ICT devices, from cell and smartphones to portable media players and Global 

Positioning System (GPS) trackers. The delivery modes were also highly varied, 

including voice calls, Short Message Service (SMS), and multimedia downloads. 

Primary outcomes were maternal, newborn, and child mortality and morbidity. 

Secondary outcomes included the number of planned antenatal and postnatal visits; 

the number of unscheduled care visits and emergency care; quality of life; quality of 

care; self-efficacy; immunisation cover; child developmental milestones; and other 

process indicators. Of the 8,593 references screened, 15 research articles and two 

conference abstracts met inclusion criteria: 12 intervention and three observation 

studies were included. The authors concluded that most studies were of poor 

methodological quality, and few have evaluated outcomes [45]. They also cited that 

there are difficulties in interpreting and replicating studies due to vague descriptions of 

interventions and their mechanisms of effects. Lee et al. concluded that theories and 

rigorous studies would help to provide clear evidence of the actual potential impacts of 

mHealth interventions. Uni-directional and bi-directional SMS and voice messaging 

featured predominately in the included studies, and there was a notable absence of 

interactive and multimedia studies. Overall, Lee and colleagues (2016) found a lack of 

vocabulary for describing the type and purpose of the interventions [45]. 

Another systematic review was conducted in 2016 [64]; this review assessed the effect 

of mHealth interventions in improving maternal and neonatal care in low and middle-

income countries [64]. A total of 3,777 articles were found: 27 were included, 12 of 

which were intervention studies and 15 of which were descriptive studies. Included 

studies assessed interventions for pregnant women that increased service utilisation; 

very few assessed the effect on maternal or neonatal health outcomes. The review 

concluded that mHealth interventions for pregnant women could be an effective 

solution to increase service utilisation to improve maternal and neonatal outcomes; 
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however, strong experimental research designs and feasibility research with 

government involvement and integration in the health care system are needed [64].  

In response to the expansion of the use of mobile health services around the globe, 

there has been an increased interest in utilizing mobile devices for behaviour change 

communications to improve maternal, newborn, and child health practices. A scoping 

review in 2019 [65] investigated the relationship between the use of mobile phones for 

behaviour change communication to improve maternal, newborn, and child health. 

This review identified four behaviour change communication approaches: direct 

messaging, voice counselling, job aid applications, and interactive media. This study 

defined interactive media to include studies that used smartphones with internet 

capabilities [65]. Only one pilot study was included that used a smartphone; this study 

used an app for improving husbands’ birth preparedness/complication readiness [66]. 

The authors noted that many mHealth programs are unevaluated or unreported; 

furthermore, they recommend that to address this gap in the research, future 

exploration into mHealth should include implementation science research and process 

evaluations to inform best practice guidance. Central to this is a better understanding 

of barriers and enablers to the effective use of mHealth approaches [65].  

Since the above systematic reviews were conducted, sedentary lifestyles have been 

increasing globally because of changing social and economic patterns [67, 68].  It is 

well recognised that physical activity during pregnancy promotes maternal, fetal, and 

neonatal health [69-71]; this is supported by the 2020 WHO ‘Guidelines on physical 

activity and sedentary behaviour’, which states there are significant health benefits to 

be gained in pregnancy if women undertake physical activity. In 2020, the Australian 

Government Department of Health also released evidence-based physical activity 

guidelines for pregnancy [67, 72]. More than ever, strategies such as mHealth 

platforms need to be harnessed to promote the benefits of exercise in the reproductive 

years [67, 69, 72, 73].  

There is growing research interest in high income countries about how best to use 

mHealth to deliver information related to fetal development, diet, physical activity, and 

pregnancy body changes such as weight gain. All of these are popular topics of interest 

to women and may lead to improvements in maternal, newborn, and child health 

outcomes [74]. Regular exercise and a healthy diet before and during pregnancy can 

assist with weight maintenance [75, 76]. Using mHealth to deliver interventions related 

to healthy lifestyles, such as dietary and activity monitoring, may encourage women to 
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optimise their health and this in turn may contribute to positive pregnancy outcomes, 

however, the current body of evidence does not support the upscaling of these and 

large scale trials are needed [77].  

2.4.1 Preconception and mHealth 

Smartphone applications are widely used by reproductive aged women have the 

potential to be used as a primary health care intervention to optimise health prior to 

conception [78]. Many factors can have substantial effects on fertility such as age, 

nutritional intake, weight, physical activity, psychological stress, and environmental 

and occupational exposures [79]. Lifestyle activities can also negatively influence the 

chance of conception, such as cigarette smoking, illicit drug use, and alcohol and 

caffeine [79]. In Australia about one in four (26%) of pregnancies are unplanned [80] 

and therefore many women do not intentionally see out pregnancy planning care [78]. 

Although Preconception care (PCC) has the potential to improve maternal and child 

health outcomes [2] the delivery and uptake of preconception care remains low in 

Australia [81, 82]. A study by Mazza et al. (2013) [81] found that Australian General 

Practitioners (GPs) felt that there were several barriers and enablers to the delivery 

and uptake of preconception care (PCC). One of the main barriers identified was the 

time constraints faced by GPs, who felt that there was not enough time to deliver PCC 

in a standard consultation; another barrier was the lack of women presenting at the 

preconception stage. Availability, access, and cost were also perceived barriers to 

delivery of PCC [81]. GPs considered checklists, brochures, handouts, and waiting 

room posters outlining the benefits and availability of PCC consultations to be enablers 

[81]. The results of this study are similar to the findings of Kizirian et al., who also cited 

time constraints and lack of resources for women as the barriers to PCC provision in 

a survey of urban Australian GPs [83].  

One way to address time constraints is to use mHealth. The use of mHealth to provide 

PPC is under-researched, and those few studies that have been undertaken have 

focused on the use of smartphone apps for menstrual tracking behaviours [84]. A 

recent study by Ford et al. found that Australian women who use fertility apps have 

contrasting knowledge to non-app users [38]. This study recruited females (aged 18-

43+ years) to complete an online survey that contained questions about fertility 

knowledge [38]. Survey results from this study showed that of the 673 respondents 

that completed the survey, 43.09% had used female reproductive health apps [38]. 

App users were more likely to score better on a question related to fertility during the 

menstrual cycle (P<0.001), which the authors attributed to participants reporting that 
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they use the menstrual cycle tracking function in apps (82.4%) [38].The authors 

conducted a further study, a scoping review of peer-reviewed literature included in 

fertility apps [85]. This review found that the accuracy of information provided in these 

apps is variable [85]. The authors concluded that apps could be used in reproductive 

health promotion; however, to improve quality, app developers should engage with 

health practitioners and consumers to create content.   

The role of mHealth in PCC has been investigated by van Dijk et al. [86], who aimed 

to identify the preferences and experiences of women and men trying to become 

pregnant and of health care providers and other involved professionals regarding 

mHealth. This qualitative study was conducted in an urban area of the Netherlands 

and focused on the mHealth coaching platform Smarter Pregnancy, and its potential 

role in PPC. Five focus groups were conducted which included n=27 patients (men 

and women) and n=9 health care providers [86]. In this study, 67% (18/27) of the 

patients were familiar with the concept of PCC, but only 15% (4/27) received any form 

of PCC. Both patients and health care providers acknowledged a lack of awareness 

regarding PCC and expressed an understanding that mHealth could provide several 

opportunities to support and educate in the clinical setting. The authors found that the 

participants viewed Smarter Pregnancy in a positive way and concluded that it could 

be used in future research as an mHealth intervention [86]. Recently, van Dijk and 

collaborators published a single centre RCT conducted in the Netherlands that 

included n=218 women [87]. The study aimed to investigate compliance and 

effectiveness of women using Smarter Pregnancy [87].  

The initial narrative search identified a lack of RCTs, to truly investigate this a 

systematic review was undertaken to ensure that no studies were missed and to clearly 

identify the research gap. In undertaking the review, I hoped to shape future research 

directions for effectiveness.   This was the impetus to conduct the systematic review 

and meta-analysis presented in Chapter 3.  

2.4.2 Pregnancy and mHealth 

Pregnancy and motherhood are often seen as a life transition that motivates women 

to make positive lifestyle health changes [88, 89]. The Australian Government Clinical 

Practice Guidelines for Pregnancy Care (2020 Edition) [90] recommends several 

lifestyle, nutrition, and physical activity health behaviours that can improve pregnancy 

outcomes. Smoking cessation, healthy eating, and other pregnancy-specific 

behaviours such as breastfeeding are health behaviours that women can be supported 
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to make positive steps to improving. However, there are several factors that play a role 

in women’s motivation regarding changes to their health-related behaviours, such as 

their self-rated health and educational level and also physical conditions such as being 

overweight or obese [91].  

2.4.2.1 Dietary requirements and gestational weight 

Nutritional requirements during pregnancy and breastfeeding are different compared 

to other life stages. High-quality nutrition at this stage is critically important for both the 

short and long-term health of both mother and child [92-95]. Encouraging women to 

eat a wide variety of nutritive foods in pregnancy, as outlined in the Australian Dietary 

Guidelines (NHMRC 2013) [96], is an important action for maternity care givers to 

ensure that the dietary requirements of mother and baby are being met. To get dietary 

information, often women will look to websites on their smartphones to seek 

information [53]. 

Pregnant and breastfeeding women often do not have balanced diets that align with 

current guidelines. In a cross-sectional survey conducted by Wen et al. (2010), less 

than 50% of Australian women consume an adequate diet during pregnancy in 

accordance with nutritional guidelines [97]. An Australian review of pregnancy 

information on nutrition, physical activity, and sleep websites [98] found that women 

are accessing information on the web that does not meet the current evidence-based 

guidelines. Furthermore, none of the nutrition websites reviewed met every guideline 

for nutrition during pregnancy. Similarly, a UK study by Bland et al. (2020) found that 

smartphone apps do not consistently provide accurate and useful nutritional 

information and suggest that there needs to be governing oversight of information 

contained in pregnancy apps [99]. The above three studies all recommend the 

incorporation of consistent evidence‐based nutritional information that can be tailored 

to individuals and meets national guidelines.  

Apps have the potential to deliver evidence-based information that can be tailored to 

meet the individual needs of women, such as advice on adopting a healthy lifestyle 

and optimising gestational weight gain [74]. Apps can be useful for delivering primary 

healthcare information and interventions that address health disparities such as 

nutrition and lifestyle behaviours that are linked to access to quality healthcare 

information [100, 101]. However, recent findings from Louise et al. (2020) suggest that 

gestational weight gain may not be the appropriate ‘causal mechanism’ to focus on for 

those women who are overweight or obese, and this may explain the lack of clinical 
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effect observed from antenatal intervention trials [102]. Redirecting efforts to address 

weight before pregnancy through a life-course and “whole of system” approach may 

be the answer to optimizing maternal weight [102]. Promoting meaningful change for 

women involves understanding the complex interaction between the components of 

behaviour (information, motivation, and behavioural skills) [103]. For such an approach 

to work, it is important that women are consulted with at every stage and an iterative 

approach is used to develop interventions and during the implementation phase.  

2.4.2.2 Physical Activity 

Data from the 2011–12 Australian Health Survey indicates that 30% of pregnant 18 to 

45-year-old women do adequate physical activity to meet the minimum requirements 

per the Australian physical activity guideline for moderate to vigorous physical activity 

(at least 150 minutes per week) [104]. The National Health and Medical Research 

Council (NHMRC) standards for guidelines (2016) state that recommendations should 

be easy to find, free of charge to the end-user, clearly structured, easy to navigate, 

written in plain English, and available online [105]. One possible way of disseminating 

information about physical activity guidelines for pregnancy that meet NHMRC 

standards is through a smartphone app.  Pregnancy apps can offer women a sense of 

control over their pregnancy by means of reminders, checklists, and decision-making 

tools [3]. Encouraging physical activity and reducing sedentary lifestyles is an 

important primary health care action known to positively impact on a range of health 

outcomes for all adults [106]. 

2.4.3 Using mHealth apps as a tool to help manage pregnancy 
complications  

The use of mHealth alongside medical care to help manage pregnancy complications 

is a growing area of interest, particularly for those women experiencing complications 

that require regular monitoring such as gestational diabetes mellitus (GDM) or 

hypertension [107]. Globally, GDM is an increasing health issue among pregnant 

women, affecting 5.8 to 12.9% of pregnancies [108]. Those women who experience 

GDM in pregnancy have a greater chance of experiencing complications such as 

preterm birth, future type 2 diabetes mellitus, high blood pressure, and preeclampsia 

[109].  

2.4.3.1 Gestational Diabetes Mellitus 

In 2015, Garnweidner-Holme et al. [110] developed a smartphone app (Pregnant+) 
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intervention for a study to follow up with women with GDM in a diabetes outpatient 

clinic in Norway. The aim of the app was to provide tailored and easily accessible 

advice on controlling blood glucose levels (BGLs) and had the ability to transfer BGLs 

from the glucometer and provide real-time feedback on BGLs [110]. The app was 

designed to include behaviour change techniques such as self-monitoring and cues as 

well as information about healthy eating and physical activity [110]. Creation of the app 

was undertaken using an iterative process and was co-created with healthcare 

professionals, researchers, and experts in data security and privacy. Additionally,  end-

users were included in prototype reviews of the app [110].  

The Pregnant+ app was used as an intervention in a multicentre non-blinded RCT in 

Norway [111]. The study included participants (women 18 years and older) who were 

attending a diabetes clinic as part of their pregnancy care. A total of 238 women were 

randomised to receive the app or usual care [111]. The study aimed to assess the 

effect of the app on the 2-hour glucose level of the routine postpartum oral glucose 

tolerance test (OGTT) among women with GDM [111]. Results showed that there was 

no difference found for the 2-hour BGL of the postpartum OGTT, with 6.7 mmol/L (95% 

CI 6.2 to 7.1) in the intervention group and 6.0 mmol/L (95% CI 5.6 to 6.3) in the control 

group [111]. Women in the intervention group were less likely to have an emergency 

caesarean section, n=10 (8.8%) than the usual care group, n=27 (22.1%); however, 

this disappeared when adjusted for parity [111]. There were no differences in other 

secondary outcomes, birth weight, breastfeeding in the first week postpartum, obstetric 

complications, or admission to the neonatal intensive care unit [111]. Borgen et al. 

suggested that future research into the specific features of smartphone apps that may 

enhance GDM management is warranted [111]. Research questions that focus on 

design features of apps and the experience of the participants need to be asked 

alongside questions related to outcomes. To answer these question mixed-method 

study designs are needed. 

A mixed-method study design was used for the secondary analysis of data from the 

Borgen et al. [111] RCT which aimed to assess the effect of the Pregnancy + app on 

dietary behaviour of women with GDM [107]. Principle findings showed that all the 

participants improved their healthy dietary score for Pregnancy+ from the time they 

were diagnosed with GDM to 36 weeks gestation (mean = 40.36, standard deviation 

(SD) = 14.11 versus mean = 55.56, SD = 13.70, respectively, P<0.001) [107]. 

Garnweidner-Holme et al. [107] concluded that although their findings do not support 

supplementation of face-to-face follow-up with the Pregnancy+ app when women are 
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receiving high-quality care, the app may be useful for those women not receiving 

quality dietary counselling. Skar et al. [112] conducted a follow-up study to explore 

women's experiences using the Pregnant+ app. This study recruited n=17 participants 

who had taken part in the RCT conducted by Borgen et al. (2019) [111]. Researchers 

collected data using semi-structured interviews and utilised an interpretative 

phenomenological analysis. Findings suggest that apps may have the potential to 

support women with GDM, particularly with blood glucose management. However, for 

apps to be accepted and implemented into care, there needs to be collaboration 

between health-care professionals and women  [112]. Designing research using 

effectiveness-implementation may have benefits for studies using mHealth and have 

the potential to enhance care provision. Testing mHealth interventions for 

effectiveness needs to be done in conjunction with assessing implementation impact 

as mHeatlh requires not only an iterative process of development but also real-life 

testing. 

In 2021, a synthesis of all published evidence looking at the clinical effectiveness of 

specific mHealth apps used by women with GDM was conducted [113]. Six studies 

were included: five RCTs and one controlled clinical trial. A total of 408 women with 

GDM were included in the intervention and 405 in the control groups [113]. Glycaemic 

control, pregnancy and birth related and neonatal outcomes were measured [113]. 

Women within the mHealth intervention group overall had improvements in glycaemic 

control parameters (HbA1c, fasting blood glucose, one- and two-hour postprandial 

blood glucose, mean blood glucose, and compliance within targeted ranges). 

Pregnancy and birth related outcomes such as pregnancy induced hypertension, 

preterm birth, induction of labour, shoulder dystocia, and type of birth were measured 

[113]. Type of birth was the only pregnancy and birth related outcome with significant 

differences between groups. 

Of note is the study by Guo et al. [114] that explored the effects of a mHealth 

intervention on pregnancy weight, blood glucose, and pregnancy outcomes in China 

[114]. A total of 124 participants were randomised, with 64 women assigned to receive 

the app and 60 assigned to usual care [114]. Findings showed no statistical differences 

in pre-pregnancy BMI or weight gain at first visit, and no statistical difference was found 

between the groups in overweight and obesity BMI percentages [114]. Weight was 

measured before birth, and the comparison of the two groups after the intervention 

showed that the weight gain of the mHealth group was less than the control group 

(3.2 ± 0.8 vs. 4.8 ± 0.7, t =11.851, df =122, P<0.001) (Table 1) [114]. The authors also 
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report that the Hb A1C before birth was lower in the mHealth group compared to the 

control group (4.7 ± 0.2 vs. 5.3 ± 0.3, t =13.216, df =122, P<0.001) (Table 1) [114].  

There is a growing area of interest in the use of mHealth interventions that utilise 

biometrics and wearables [115, 116]. UK researchers Mackillop et al. [117] conducted 

an RCT to determine whether the use of an app designed for ‘real-time’ blood glucose 

management was equally effective in controlling BGLs as standard care through a 

clinic [117]. A total of 203 women were randomised, 98 to the app intervention and 85 

to usual care. There was no significant difference in rate of change of BGLs (–0.16 

mmol/L in the intervention and –0.14 mmol/L in the control group per 28 days, P=.78) 

[117]. Women using the app had higher satisfaction with care (P=.049). Preterm birth 

was less common in the intervention group (5/101, 5.0% vs 13/102, 12.7%; OR 0.36, 

95% CI 0.12 to 1.01)  and there were fewer caesarean births compared with vaginal 

births in the intervention group (27/101, 26.7% vs 47/102, 46.1%, P=.005) [117]. The 

review concluded that although GDM specific apps show a trend towards improving 

the management of GDM, further studies need to be done as there is limited data in 

this area, particularly in the used of innovative and biotech devices that interact with 

smartphone applications [113].  

A systematic review conducted in 2022 synthesised all available evidence together 

that investigated the use of mHealth for management of GDM [118].  Apps Pregnant + 

(Norway), MobiGuide (Spain), and GDm health (UK) were included [118]. Findings 

showed that effective management and prevention of risk associated with GDM can 

be achieved using apps alongside standard care [118]. One of the most useful 

advantages of using apps is they can provide women with personalised information, 

which improves care and compliance of blood glucose monitoring and treatment [118]. 

In summary, these studies about gestational diabetes in pregnancy try to address the 

idea of self-management by women, however, the study designs used do not 

necessarily show that the app interventions improve outcomes. The use of apps as a 

tool to track and measure disease processes is useful, however, more research is 

needed into how these tools can be used to empower women to positively changing 

behaviours related to the disease process of diabetes.  
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Table 1 Birth characteristics and neonatal outcomes of the study groups [114] 
 Control 

group 
(n = 60) 

mHealth 
group 
(n = 64) 

P-value 

Normal vaginal birth, n (%) 40 (66.7) 48 (75) 0.142 
Instrumental birth, n (%) 4 (6.7) 3 (4.6) 0.364 
Episiotomy, n (%) 9 (15.0) 7 (10.9) 0.298 
Shoulder dystocia,  
n (%) 

0 0 > 0.99 

Caesarean section, 
 n (%) 

20 (33.3) 16 (25.0) 0.352 

Hypoglycaemia of the newborn, 
n (%) 

2 (3.3) 1 (1.6) 0.185 

Fetal macrosomia, 
n (%) 

6 (10.0) 4 (6.3) 0.295 

Gestational age at birth (weeks) 37.8 ± 2.5 38.1 ± 1.6 0.654 
 

2.4.3.2 Hypertensive disorders in pregnancy 

Another condition that has been studied in relation to support from mHealth is 

hypertension in pregnancy. Hypertensive disorders complicate 5–10% of pregnancies 

globally and are one of the leading causes of maternal death [119]. The use of apps 

for the management of hypertensive disorders of pregnancy (HDP) has become an 

area of interest as some app providers claim to accurately measure blood pressure 

(BP) using signals recorded by phone cameras and assist women to identify signs of 

pre-eclampsia and/or worsening BP [120]. However, to date there has not been a 

standalone app validated for BP monitoring [120]. Other studies have investigated the 

use of apps as part of a care pathway for those women at risk of developing HDP. UK 

researcher Sheehan et al. [121] conducted an exploratory study to understand the 

experiences of pregnant women with a history of hypertension who were using an app 

to identify signs of pre-eclampsia and/or worsening BP. Women were given a device 

to monitor BP daily and instructed to input results into the provided app [121]. Semi-

structured interviews were undertaken and women were questioned about signs and 

symptoms of HDP and followed up every second week [121]. Findings from this 

qualitative study showed that women wanted holistic care and accepted the app as it 

incorporated elements of holistic care, including empowerment and continuity of care 

[121]. 

Although apps appear to be an acceptable intervention for the management of HDP, 

there are still concerns with the accuracy of BP readings. The iPARR study [120],  

conducted in Switzerland, compared the BP results of an iPhone app with standard BP 

measurements. A subgroup analysis was undertaken that aimed to validate a mHealth 



38 

algorithm for measuring BP [120]. Thirty-two pregnant women were included, each 

receiving seven consecutive BP measurements starting with the reference device 

(Omron-HBP-1300) and followed by the app measurement; a total of 96 BP 

comparisons were made [120]. Findings showed an overestimation of the iPhone 

determined systolic BP in comparison with the reference systolic BP in low range, but 

an underestimation in medium-range BP (mean (±SD) systolic BP disagreement 

between the test and reference devices was 5.0 (±14.5) mmHg) [120]. Furthermore, 

the algorithm used was unsuccessful in accurately estimating BP in pregnant women. 

The authors concluded that smartphone apps that claim to measure BP should not be 

recommended to pregnant women and their use should be discouraged [120]. 

2.5 Using mHealth applications as a tool to promote behaviour 
change 

The use of mHealth applications as an intervention tool to promote behaviour change 

has been of interest to social scientists since 2012. A discussion paper by Raento et 

al. describes how apps can be programmed to interact with participants and record 

behavioural data such as movement and communication, sending this data back to 

researchers in real-time [122]. In 2013, Lathia et al. described the benefits and 

challenges of mHealth for large-scale behaviour change interventions integrating 

sensor technology from smart phone with behaviour change techniques. The 

information was used to develop a large scale holistic platform called UBhave 

[123].The aim of the UBhave project was to building on existing mobile behaviour 

sensing and internet-based intervention work and create a comprehensive platform to 

deliver  Digital Behaviour Change Interventions (DBCIs) that could be used across 

many disciplines [123]..  

In recent times, there has been an emerging interest in interventions that attempt to 

address more than one risk factor at a time, or ‘multi-health’ behaviour interventions 

[124, 125]. One of the most recent studies investigating multi-health interventions is a 

three-phased mixed-methods study by Kennedy et al. [126]. This Australian research 

was conducted with Aboriginal women living in both urban and regional communities 

in New South Wales [126]. The aim of the study was to investigate co-development of 

a multi-behavioural app to enhance social and emotional well-being and reduce health 

risks among Aboriginal women prior to and during pregnancy [116]. The study was 

designed with three phases and included interviews, a workshop, and an app trial, with 

evaluation using a validated tool. Phase 1 consisted of interviews with eight Aboriginal 

women, while phase 2 was a workshop with six Aboriginal women, and phase 3 was 
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the app trial which included 16 Aboriginal women [126]. To assess user experience in 

phase 3, the user-Mobile Application Rating Scale (U-MARS) tool was utilised [127]. 

Results from phase 3 (which assessed content) showed that women highly rated the  

information (mean score of 3.80 out of 5, SD=0.77) and aesthetics (mean score of 

3.87, SD=0.74) [126]. Functionality, engagement and subjective quality had lower 

scores although the app was viewed as acceptable [126]. This study highlights the 

need to use a consultative approach and a strong theoretical foundation of BCTs when 

designing apps for Australian First Nations mothers [126]. 

A systematic review by Free et al. [128] reviewed the literature on the effectiveness of 

mHealth technology for health behaviour changes. Although not specifically about 

reproductive mHealth, findings presented could be used to inform development of apps 

for pregnant women. A total of 75 trials were identified; 14 of these included mHealth 

or technology based behaviour change interventions [128]. One RCT compared 

satisfaction levels of antenatal care between healthy pregnant women who received 

mHealth antenatal support and those who did not [128, 129]. Confidence, anxiety, and 

pregnancy outcomes were compared in this RCT that included 68 pregnant women 

receiving antenatal care. The satisfaction levels of the women who had the mHealth 

intervention were significantly higher than those who did not receive messages both 

during the antenatal period (P<0.001) and during labour (P=0.007). In the mHealth 

group, the confidence level was higher (P=0.001), and the anxiety level was lower 

(P=0.002) than in the control group during the antenatal period; however, no difference 

in pregnancy outcomes was found [128, 129].  

Free et al. reported positive findings for health behaviour change [128]. mHealth 

smoking cessation interventions more than doubled cessation at six months (pooled 

effect estimate relative risk [RR] = 2.16 [95% CI 1.77 to 2.62, P=0.0001]) [128]. One 

trial showed a statistically significant benefit in diabetes control (HbA1C); however, one 

showed no effect on insulin requirements, and two showed no change in systolic and 

diastolic BP [118]. There were no statistically or clinically significant changes in weight 

for trials using mHealth messages to reduce calorie intake and increase physical 

activity (standard mean difference [SMD] = 22.14 [95% CI 27.05 to 2.77] kg) or for 

trials using apps to reduce calorie intake (SMD = 20.10 [95% CI 20.49 to 0.69] kg) 

[128]. Although trials in this review did not identify pregnant women as the participant 

group, it showed that mobile health technology can be effective in managing disease 

and can be used as a tool to change behaviours such as smoking and alcohol 

reduction or cessation.. Therefore, it would be appropriate to trial such interventions in 
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a specific pregnancy app [128]. The strength of this review was the use of a taxonomy 

of behaviour change techniques (BCTs) [128] to report the theory behind the behaviour 

changes. BCTs included were: giving feedback; goal setting; giving information on the 

consequences of behaviour; tailoring the intervention; prompting; self-monitoring; and 

identifying barriers to behaviour/problem solving/identifying ways of overcoming 

barriers [128].  

2.5.1 Using behaviour change theory to design mHealth application 
interventions 

For complex behaviour change to occur in individuals or a population, interventions 

must be underpinned by local evidence and theoretical constructs [61]. Implementation 

researchers recommend using theoretical frameworks to design and evaluate 

innovative interventions to achieve the desired outcomes [130]. An early theoretical 

model by McBride et al. described the theory and characteristics of an effective 

teachable moment using the example of smoking cessation [131]. This notion of 

‘‘teachable moments’', based on conceptual models of behaviour, can also be applied 

to pregnancy [76, 132]. The model characterises three domains within which a health 

event may impact in pregnancy; these are: 

1) an increased perception of personal risk and outcome expectancies;

2) strong emotional responses; and

3) a redefining of social roles or self-concept.

The greater the degree to which these domains are altered or influenced by the event, 

the greater the likelihood that a behavioural change will occur [131]. 

mHealth platforms can be personalised, interactive, deliver information in a rewarding 

and engaging way, have the potential to elicit and use responses, and can be adapted 

to the user’s needs [133] . When compared with interventions delivered through human 

interaction, app content can be conveyed with a high degree of reliability and 

reproducibility [134]. However, understanding the impact of apps as a behaviour 

change intervention is difficult due to an absence in the literature of high-level evidence 

demonstrating the feasibility, cost, usability, efficacy, effectiveness, and 

implementation science of these interventions.  

An app designed around functionality only is not enough to positively impact on 
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behaviour change modification. To change targeted behaviours, a robust process must 

be incorporated from the beginning of intervention design projects. To achieve this, 

frameworks such as the Michie’s Behaviour Change Wheel (BCW) and the Theoretical 

Domains Framework (TDF) can be used [62]. This (Figure 1) analytical framework can 

be used for mapping and synthesising content related to target behaviours. Relevant 

to this thesis, it can be used to guide development and evaluate DBCIs in healthcare 

[62]. The BCW has been designed with three inter-related layers: first, the COM-B 

model (Capability, Opportunity, and Motivation) aids in the identification of sources of 

behaviour that may be nominated for intervention targets. The second layer helps 

identify intervention opportunities using a selection process from nine intervention 

functions that could be applied to address barriers and enablers identified in the COM-

B. The second layer also contains the APEASE tool (acceptability, practicability, 

effectiveness, affordability, safety, and equity);  this is a set of criteria against which an 

intervention should be evaluated during the development phase of the intervention  

[62]. The third layer identifies seven policy opportunities that could be engaged to 

assist in delivering the behaviour intervention. These included service provision, 

communication/marketing, fiscal measures, regulation, guidelines, legislation, and 

environmental/social planning [61]. 
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Figure 1 The Behaviour Change Wheel (Michie et al., 2014 [130]) 

 
The Theoretical Domains Framework (TDF) provides 12 domains, including 

knowledge, social role and identity, emotion, skills, beliefs about capabilities, self-

efficacy, environmental context and resources, beliefs about consequences, memory, 

attention and decision processes, behavioural regulation, social influences, motivation 

and goals, and the nature of behaviour. The TDF and BCW constructs are derived 

from behaviour change theory and are directly related to the COM-B model [61]. The 

COM-B model organises the TDF domains into capability, opportunity, and motivation-

related factors. A capability is the ability to engage in necessary mental or physical 

processes, such as comprehension and reasoning. The concept of motivation 

encompasses both reflective and automatic brain processes that sometimes drive 

behaviour such as beliefs, emotions, and impulses. Opportunity refers to influences 
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that are external to the individual and allow the behaviour to take place [11, 61]. In 

diagnosing target behaviours, both preconception and in pregnancy, a systematic 

stepwise approach ensures that any capability, opportunity, or motivational barrier or 

enabler are considered. This is explored in Chapter 7 through mapping the Baby Buddy 

app content to the BCW. 

The next step is to chart the barriers and enablers to the BCW and select interventions. 

Once the intervention functions are selected, how the elements are to be delivered can 

be decided. Developing interventions can be assisted by following a stepwise 

approach: 1) a thorough appraisal of potential barriers to behaviour change; 2) a 

rational process for choosing which barriers to target; and 3) a methodology to match 

evidence-based approaches for overcoming those barriers that have been identified 

and prioritised. A three-step validation process has been used to validate Michie et 

al.’s [141] work and the BCW taxonomy across healthcare systems [135]. The 

framework provides a process for assessing implementation problems and a basis for 

developing interventions [135]. 

Design and development of mHealth interventions using behavioural change theory is 

one key aspect of potentially improving health outcomes through behaviour change. 

However, such interventions then require implementation into health care settings 

which brings additional challenges. Implementation science approaches should be 

used to assess the acceptance and sustainability of evidence-based digital health 

interventions in each context, including policies and practices. The WHO recommends 

that the highest level of study design is essential in monitoring and evaluating digital 

interventions [15, 136]. Ideally, multicentre RCTs should be used; however, if this is 

not possible, high quality quasi-experimental studies with interrupted time series or  

control groups and baselines, or observational studies (cohort or case-control) could  

provide reliable evidence [15, 136].  

2.5.2 Studies that have used behavioural change in the design of 
mHealth apps for women prior to or during pregnancy   

There is a growing body of research that has used behaviour change theory to 

underpin mHealth interventions for studies including childbearing women. Handley and 

colleagues demonstrated the use of behavioural theory (COM-B model and BCW) to 

inform the development of a mHealth intervention tool, STAR MAMA, targeting new 

Latina mothers in the USA [137]. Women were recruited from two geographic areas 

with high rates of Gestational Diabetes Mellitus (GDM) and participants came from  
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both urban (San Francisco) and rural (Sonoma County) environments [137].This 

methodology paper describes using an Automated Telephone Self-Management 

Support (ATSM) to provide Latina women with programmed narrative messages of 

support, education, coaching, and follow-up messages about diabetes management. 

The resource was co-developed using participatory engagement with Latina women to 

deliver Diabetes Prevention Program (DPP) content in English and Spanish [137]. This 

study demonstrates the use of a behavioural change framework to develop a culturally 

specific mHealth intervention for Latina women at risk of type-2 diabetes mellitus 

(T2DM) and cardiovascular disease. It highlights the importance of understanding the 

barriers and facilitators of target groups, such as health literacy, social support needs, 

and economic obstacles. This is particularly relevant to research involving participants 

who are from marginalised populations.  

One of the most recent studies to have used behaviour change theory to underpin the 

development of an mHealth intervention is the Pregnancy, Exercise and Nutrition 

Research Study (PEARS) trial. This single centre RCT was conducted in Dublin, 

Ireland and recruited 565 pregnant women [138, 139]. The aim of the trial was to 

evaluate the effect of an antenatal healthy lifestyle package (a behaviour change 

intervention) supported by an app. The primary outcome measured was incidence of 

GDM at 28–30 weeks of gestation [138, 139]. The intervention was grounded in Control 

Theory and Social Cognitive Theory, and these theories were mapped to supporting 

BCTs which were used to deliver intervention content [140]. The findings showed that 

the incidence of GDM did not differ between the two groups—37 of 241 (15.4%) in the 

intervention group compared with 36 of 257 (14.1%) in the control group (relative risk 

1.1, 95% CI 0.71 to 1.66, P=5.71) (Table 3). The authors concluded that, although the 

rate of GDM did not differ between the intervention and the control arm, the intervention 

arm did significantly reduce their glycaemic load; however, the increase in exercise 

intensity did not lower the rate of GDM [139]. Neonatal outcomes in a subgroup 

analysis showed no difference between the groups in the following prenatal and 

postnatal characteristics: estimated fetal weight at 34 weeks gestation (2,520.46 g vs 

2,535.36 g, P=5.57), Ponderal index (2.7160.3 vs 2.7560.5, P=5.38), birth weight, and 

cord blood parameters [139]. A secondary analysis of the RCT found that the app 

intervention was largely accepted, with women agreeing that the diet was easy to 

follow (98/148, 68.5%), enjoyable (106/148, 74.1%), and affordable (110/148, 76.9%) 

[141]. 
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Table 2 Maternal primary and secondary outcomes [139] 
Outcome Intervention 

Group 
(n=278) 

Control 
Group 
(n=287) 

Mean 
Difference 
(95% CI) 

P-value Adjusted P-
value 

Primary 
outcome  
 

 
 

 
 

 
 

 
 

 

GDM 37/241 (15.4) 36/257 14) - 0.71 - 
Secondary 
outcomes 
 

 
 
 

 
 
 

 
 
 

  

Gestational 
weight gain 

     

Baseline to 34 
weeks gestation 
(kg) 

8.9±4.8 10±4.8 -1.08 (-1.96 to 
-0.21) 

0.015 0.13 

Baseline to term 
(kg) 

11.3±5.6 12.6±5.6 -1.3 (-2.49 to -
0.15) 

0.027 0.13 

Physical activity 
post-intervention 
– METS* 

638.7±436.4 464.8±328 174 (0.04-
0.17) 

0.001 0.02 

Glycaemic index 
post-intervention† 

56.4±4.5 57.9±4.8 -1.47 (-2.56 to 
-0.37) 

0.009 0.13 

Glycaemic load 
post-intervention 

117.5±33.4. 131.7±36.1 -14.24 (-22.3 
to -6.19) 

0.001 0.02 

 
* Physical activity data of 165 women in the intervention group and 170 in the control group. 
† Dietary data of 159 women in the intervention group and 161 in the control group. 

 

A follow up study investigated the impact of the PEARS mHealth lifestyle intervention 

among pregnant women who were overweight or obese [140]. Compared with the 

control group, the intervention group had improved dietary intakes post-intervention, 

with lower glycaemic index (Mean Difference [MD] = −1.75); free sugars (%Total 

Energy; MD = −0.98); fat (%Total Energy; MD = −1.80); and sodium (mg; MD = 

−183.49) [140]. The proportion of participants at “maintenance” stage-of-change for 

physical activity was higher in the intervention group (56.3 vs. 31.2%) [140]. Physical 

activity (MET-minutes/week) was higher in the intervention group post-intervention 

(MD = 141.4; 95% CI 62.9 to 219.9). App use was associated with lower glycaemic 

index and less energy from free sugars, but not with physical activity [140]. The results 

show that lifestyle support grounded in behaviour change theory can assist pregnant 

women with a higher BMI to improve dietary intakes and physical activity [140], and 

highlights the potential use of smartphone apps to deliver behaviour change 

interventions in pregnancy [140]. 
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A recent systematic search by Hayman et al. [142] reviewed the content of apps 

designed to promote physical activity among pregnant women for quality, features, and 

the presence of BCTs. The authors found that apps designed to promote physical 

activity among pregnant women were functional and visually appealing; however, the 

quality was moderate, with few BCTs incorporated [142]. A follow-up review of app 

stores was conducted in 2022 which aimed to analyse apps that promoted physical 

activity and exercise behaviours in pregnancy and align the content with current 

evidence-based recommendations [143]. The search was conducted in the Australian 

App Store and Google Play Store and identified apps that primarily focused on physical 

activity and exercise during pregnancy. Evidence-based recommendations, delivery, 

format, and features of physical activity, exercise instruction, and credentials of the 

app developers were reviewed [143]. Two-thirds of the apps provided some 

information relating to the frequency, intensity, time, and type principles of exercise; 

however, only 11% (3/27) provided information that was evidence-based and only one-

third provided information about contraindications to exercise during pregnancy with 

supporting references [143]. Few exercise apps for pregnancy aligned with current 

evidence-based physical activity guidelines, and only 5/27 (19%) recommended the 

evidence-based guideline for moderate-vigorous physical activity of at least 150 

minutes per week [143]. No apps screened women for contraindications to exercise 

during pregnancy and only 15% of the apps (4/27) provided information that was 

practical and credible, with few involving qualified experts during the development of 

the app [143]. The authors concluded that to improve the quality of apps, qualified 

experts need to be part of the app development process. This would not only improve 

the quality of an app but also ensure that women are appropriately supported to 

engage in exercise and are aware of the potential risk of injury, complications, and 

adverse pregnancy outcomes for both mother and baby [143].  

Swedish researchers Sandborg and colleagues [144] conducted a two-arm parallel 

RCT to investigate the effectiveness of a six month intervention (the HealthyMoms 

app) on gestational weight gain (GWG), body fat, dietary habits, moderate-to-vigorous 

physical activity, glycemia, and insulin resistance in comparison to standard maternity 

care [144]. A total of 305 women were recruited in early pregnancy at maternity clinics 

in urban Sweden [144] The app included some BCTs such as self-monitoring and 

feedback; however, the study did not demonstrate any overall effect on GWG. There 

was evidence that women who were overweight or obese before pregnancy gained 

less weight in the intervention group than in the control group (-1.33 kg; 95% CI –2.92 

to 0.26; P=0.10) and in the completers-only analyses (–1.67 kg; 95% CI –3.26 to –
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0.09; P=0.031) [144]. Furthermore, a Bayesian analysis supported that the intervention 

was more effective among women who were overweight or obese. The probability that 

the expected GWG in the intervention group was lower than that in the control group 

(i.e., that the intervention had any effect on GWG) was only 27% among women who 

were underweight or normal weight; however, the probability was 99% among women 

who were overweight or obese. In addition, 81% and 57% of women who were 

overweight or obese were likely to experience this effect over 1 and 1.5 kg, respectively 

[144]. The authors concluded that future research is needed to include women from all 

socioeconomic groups, including migrants. Although this research shows promising 

results, a follow-up study would be beneficial to determine if the results are sustained 

over a longer period and if the duration of the intervention phase needs to be longer 

than six months.  

2.5.3 Efficacy of mHealth apps to promote healthy behaviours prior to 
and during pregnancy 

There are several smartphone apps that provide self-monitoring, support, and 

information for pregnant women. The effect of mHealth interventions in pregnancy on 

healthy maternal behaviour and improving perinatal health outcomes has been 

explored in a systematic review by Daly et al. [39]. In this review, four RCTs were 

included involving 456 participants. Studies targeted women in early pregnancy and 

the primary outcome measure was a change in maternal behaviours by intervention 

goals [39]. All the included studies reported some type of behaviour change with better 

results for the intervention group than the control group for the primary outcomes; 

however, none of the studies reported statistically significant differences for neonatal 

outcomes or birth or pregnancy complications (Table 3) [39]. 
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Table 3 Primary maternal outcomes: change in maternal behaviours by intervention goals [39] 
Study Study results 

Primary maternal outcome 
Results 

Ainscough et 
al. [140]  

Shift in the stage-of-change score (transitioning from 
contemplation/preparation to maintenance stage of 
healthy lifestyle behaviours in pregnancy) baseline to 
28 weeks. 
 
Study participants at the maintenance stage (stage 
5). 

Mean score showing a shift in stage-of-change score distribution observed 
for both groups. Change reported as more significant for the intervention 
group (P<.001 versus P=.03). The proportion in each group achieving 
change not reported. 
 
At 28 weeks, a higher proportion of intervention group at stage 5 (52.8%) 
compared with the control group (32.7%; x2=8.4, P=.004). 

Choi et al. 
[145]  

Physical activity: change in mean steps per day. Intervention participants had a greater increase in daily steps at 12 weeks 
with 1096 (SD 1898) steps, compared with 259 (SD 1604) steps among 
control participants (P=.13). 

Ledford et al. 
[146]  

Patient use of a tool to find information about 
pregnancy (information-seeking). 
 
Patient use of tool to record information about 
pregnancy (information-recording). 
 
 
Patient activation at 32 weeks’ gestation (use of a 
tool). 

No significant difference detected between the 2 groups (data not 
provided). 
 
Across all time points, intervention group recorded more frequent use of 
information source than the control group (F [1118] =4.10, P ≥.05, x2=.03). 
 
The intervention group activation score was greater than controls (patient 
activation score marginal mean 79.88 versus 74.81 (F [1127] =4.99, P 
≥.05, x2=.04). 
 

Zairina et al. 
[147] 

Asthma control (ACQ) 6 months from baseline. Mean difference between groups was significant (–0.36 [SD 0.15], P=.02). 
The intervention group had higher proportion of participants with well-
controlled asthma than the control group (82% versus 58%, P=.03). 
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No systematic reviews of mobile apps in the preconception period were identified and 

this research gap informed Chapter 3. The following section therefore focuses on 

specific examples of studies that have used apps to promote healthy behaviours in 

pregnancy. Behaviours included are fetal movements, smoking, breastfeeding, and 

diet and exercise. 

2.5.3.1 Maternal fetal movement monitoring 

Given the increase in women using pregnancy apps, there is potential to use 

smartphones as a platform to deliver antenatal education and influence knowledge and 

health care-seeking behaviour related to fetal movements [148]. One example is 

education and support around decreased fetal movement. A content analysis explored 

the information that pregnancy apps deliver about decreased fetal movements [148]. 

Findings from this study showed that of the 24 apps reviewed, few explicitly linked 

decreased fetal movement to stillbirth or other specific adverse outcomes.  

Furthermore, the information provided was incorrect and could give women a false 

sense of security about the wellbeing of their baby. The authors concluded that it is 

important that clinicians emphasise the importance of women contacting their care 

providers directly with any fetal movement concerns rather than only relying on 

information within commercial apps [148]. 

2.5.3.2 Smoking in pregnancy 

To successfully adopt risk-reducing health activities, women require more than health 

education and knowledge. A Cochrane review by Chamberlain et al. (2017) [149] 

assessed the effects of smoking cessation interventions during pregnancy on smoking 

behaviour and perinatal health outcomes. The authors concluded that “health 

education and risk advice alone is not sufficient, and any psychosocial support should 

include additional intervention components to support women to quit, such as 

counselling, incentives or feedback” [149]. BCTs such as these can be programmed 

into mHealth apps [62]. Utilising mHealth technology to deliver behaviour change 

interventions for pregnant women is a growing area of interest. 

2.5.3.3 Breastfeeding 

Breastfeeding is another area that has received attention on mHealth platforms [150]. 

Health behavioural interventions that focus on maternal self-efficacy is an effective 

strategy for increasing breastfeeding rates [151]. Smartphone apps have the potential 

to increase self-efficacy [152] and assist women to learn about breastmilk production 
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and develop attachment and positioning skills [153]. A systematic review and meta-

analysis [154] examined the evidence to determine whether mHealth-based 

interventions, such as text messages, phone calls, and the internet, can improve the 

status of breastfeeding. Fifteen RCTs with a total sample size of 4,366 participants met 

the inclusion criteria. Compared with usual care, interventions based on mHealth 

significantly increased the postpartum exclusive breastfeeding rate (odds ratio [OR] 

3.18, 95% CI 2.20 to 4.59, P<0.001), enhanced breastfeeding self-efficacy (mean 

difference [MD] 8.15, 95% CI 3.79 to 12.51, P=0.002, I2 =88%), reduced health 

problems in infants (OR 0.62, 95% CI 0.43 to 0.90, P=0.01, I2 =0%), and improved 

participants’ attitudes toward breastfeeding compared with usual care (MD 3.94, 95% 

CI 1.95 to 5.92, P<0.001, I2 =0%). There was no significant difference in the initiation 

of breastfeeding within an hour of birth between the intervention group and the usual 

care group (OR 1.26, 95% CI 0.55 to 2.90; P=0.59). The authors concluded that 

mHealth interventions can significantly improve the rate of exclusive breastfeeding, 

efficacy, attitudes toward breastfeeding, and reduce health problems in infants [154]. 

Despite these positive results, it remains unknown what specific functions of mHealth 

interventions are responsible for the outcomes, as the authors mixed all types of 

mHealth (e.g., web-based, telephone, and text support). 

2.5.3.4 Diet and exercise in pregnancy 

Another Australian study by Dodd et al. [155] evaluated the efficacy of a smartphone 

application as an adjunct to face‐to‐face consultations in facilitating dietary and 

physical activity change among pregnant women. This multicentre, nested RCT (the 

SNAPP trial) recruited pregnant women with a body mass index ≥18.5 kg/m2, a 

singleton pregnancy (between 10 - 20 weeks gestation), and who had participated in 

the nutrition‐based RCTs in South Australia [155]. The primary outcome of the SNAPP 

trial was a change in healthy eating index (HEI) during pregnancy. Results showed 

that the addition of an app provided no significant benefit in improving HEI score 

(P=0.452); however, all women improved dietary quality in pregnancy. Although 

findings do not support the addition of an app, this outcome may have been due to the 

timing of recruitment (mean gestational age was 16 weeks) occurring too late. The 

authors also state that there was low uptake of the app, and it was also possible that 

women are accessing mHealth before attending their first antenatal appointment [155].  

2.6 Assessing the quality of mHealth interventions 

Methods to assess the content and quality of apps are becoming an area of interest. 
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Apps are often rapidly developed and may or may not meet the needs of the consumer 

[156]. The US Food Drug Administration (FDA) has published guidance about its role 

in regulatory supervision of mHealth apps that are used as an accessory to a regulated 

medical device or to transform a mobile platform into a regulated medical device [157]. 

This guidance, however, does not focus on software that performs patient-specific 

evaluation or those apps that assist or support clinical decision-making. These apps 

are considered low risk regarding patient safety and outside the scope of the FDA in 

protecting the public [157].   

In Australia, the Office of the Australian Information Commissioner (OAIC) published 

a guide in 2014 to assist app developers in embedding high-quality privacy practices 

into their products and services, and to help those in the Australian market comply with 

best practices and privacy law (Privacy Act 1988) [158]. The Australian 

Communications and Media Authority (ACMA) published a paper in 2013 entitled 

‘Mobile apps – emerging issues in media and communications’ outlining the regulatory 

challenges and potential strategies. The industry has been encouraged to develop self-

regulatory arrangements tailored to specific problems [159]. The ACMA acknowledges 

that there would be benefits in a single consistent regulatory framework. However, the 

global nature of the industry may mean that there will continue to be a mix of regulatory 

and non-regulatory strategies used [159].  

There are several concerns about the quality, efficacy, reliability, and security of 

mHealth apps [160]. A recent study of a smoking cessation app showed that 77% of 

the users never checked the credibility of the app producer [161]. mHealth apps 

targeting weight loss and physical activity can be effective, but most apps have 

insufficient evidence of efficacy [127].  Not one quality assessment criteria or tool is 

ideal for individual analysis of apps. Individual studies will often develop a fit-for-

purpose tool, including a clinical scale or content.  Often these assessments do not 

address all aspects of the app. Taki et al. undertook a systematic assessment of the 

quality and content of infant feeding websites and apps available in Australia [162]. A 

tool was developed as an appropriate one could not be sourced, using the Web site 

Evaluation Form published in 1997 [163]. The criteria used to measure the quality of 

apps included the description, developer information, layout and design, navigation, 

interactivity, accessibility and content, security, and connectivity of the app [162]. The 

findings of the study showed most websites and apps were of poor quality and had 

inappropriately high health literacy reading levels. Concerning was the finding that 

there were no apps in this study that addressed all topics from the Australian Infant 
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Feeding Guidelines (2012). Commercial apps lack the developmental rigour of apps 

used for research purposes as they are primarily developed to make the developers 

money, sell products and mine data [119]. In 2022 worldwide consumer spending on 

mobile phone apps was estimated to be 167 billion US dollars and many of the apps 

were used by consumers to buy products [164]. A global survey conducted by Statista 

showed that 56% of respondents used smartphone apps to buy products [165] and to 

do so requires personal data input which could be then mined by developers. Because 

the main purpose of apps is not to provide the most up to date information on health 

information or provide behaviour change support, this may be the reason why the 

quality, efficacy and reliability of app information is inadequate. 

Several tools and scoring systems for mHealth apps have since been developed to 

help to measure quality. A systematic review of quality assessment methods for apps 

[166] has provided a summary of methods for assessing the quality of smartphone 

health-related apps. This work proposes a set of criteria to enable future studies to 

consistently review health-related app quality in a standardized way. One of the scoring 

systems reviewed was the APPLICATIONS [167] tool, which has been used to 

evaluate menstrual cycle tracking apps [35]. In 2015, Stoyanov et al. developed and 

published the Mobile App Rating Scale (MARS) [168]. This tool was designed to 

provide stakeholders with a means to evaluate and categorise app quality. This tool 

has been validated and adapted into a user version, uMARS; this version is purposed 

for the end user [127]. The MARS tool contains 23 items divided into four objective 

subscales—engagement, functionality, aesthetics, and information quality—and one 

subjective quality rating. The tool has been used to evaluate mindfulness and wellbeing 

apps successfully; however, sufficient knowledge of how to use the device is required 

[168]. An example of a study that has used a systematic stepwise approach to identify 

high-quality mobile apps is the work by Santo et al. [169]. This paper describes utilising 

the MARS tool to assess the quality of mobile phone apps used to improve medication 

adherence. The authors concluded that using a methodology that included a search 

strategy, eligibility assessment, app selection process, data extraction using pre-

defined features, analysis and scoring, and a quality assessment can identify high-

quality apps that can be tested in future trials [169]. 

2.7 Conclusion 

During and before pregnancy, opportunities to maximise health are often missed. The 

reasons why these chances are foregone are complexed and multifaceted. A growing 

number of women are using smartphone apps to access health information about 
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preconception, pregnancy, and early childhood. This narrative review shows that 

although smartphone apps may be able to deliver information and education, how apps 

can be used to change behaviour is yet to be explored. To address this gap in 

knowledge, this thesis presents fie discreet studies in an attempt to generate evidence 

that explores the interaction between women, reproductive health and the role of 

mHealth. To achieve this, I will address the following research questions:   

1. What evidence is there available to support the use of mHealth apps in 

preconception and pregnancy? 

2. How do women get information about preconception and pregnancy health and 

what are their preferred sources? 

3. What is the quality of free publicly available mHealth apps in Australia and 

could they be used as an intervention to change behaviour? 

4. What does a good example of an mHealth app for pregnancy look like?  

The evidence which has been explored in this chapter has shown that there is a gap 

in the evidence related to preconception and mHealth. To address this gap, I have 

conducted a systematic review and meta-analysis which is presented in Chapter 3. 

This evidence presented in the narrative review chapter (Chapter 2) also shows that 

the link between how women access health information and how information resources 

such as apps impact behaviour change is not yet understood. Although this is not a 

new phenomenon, due to unprecedented restrictions on face-to-face healthcare visits 

during the COVID-19 pandemic, women have increased their use of online healthcare 

resources [170]. Despite the swift adoption of new technologies to deliver care, debate 

remains about the effectiveness of this care delivery method and the clinical outcomes 

for women. This thesis aims to generate evidence to inform future development and 

use of preconception and pregnancy-specific mHealth behaviour change interventions.  
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CHAPTER 3: Addressing preconception 

behaviour change through mobile phone apps: 

systematic review and meta-analysis  

3.1 Chapter aim

Chapter 3 synthesises the evidence of the effectiveness of mobile phone apps on 

preconception behaviour change, which was assessed through a systematic review 

and meta-analysis. This piece of work was undertaken as no systematic reviews of 

mobile apps in the preconception period were identified whilst undertaking the 

literature review (Chapter 2). To the researchers’ knowledge, this is the first systematic 

review and meta-analysis to combine this evidence. 

3.2 Publication details

Published* (Appendix A1) 

Musgrave, L.M., Homer, C.S.E., Kizirian, N.V. & Gordon, A. 2019, ‘Addressing 

preconception behaviour change through mobile phone apps: a protocol for a 

systematic review and meta-analysis’, Syst Rev, vol. 8, no. 86. 

https://doi.org/10.1186/s13643-019-0996-6 

*Systematic Reviews 2021 impact factor 3.1, Q2 ranked journal in the subject

category of 'Medicine (miscellaneous)’

Published* 

Musgrave, L.M, Cheney, K., Dorney, E., Homer C.S.E, Gordon, A., Addressing 

Preconception Behavior Change Through Mobile Phone Apps: Systematic Review and 

Meta-analysis, J Med Internet Res 2023;25:e41900 

URL: https://www.jmir.org/2023/1/e41900 

DOI: 10.2196/41900 

*Journal of Medical Internet Research 2022 impact factor 7.0, Q1 ranked journal in

the subject category of ‘Medical Informatics’

https://doi.org/10.1186/s13643-019-0996-6
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Abstract

Background: Positive health behavior changes before pregnancy can optimize perinatal outcomes for mothers, babies, and
future generations. Women are often motivated to positively change their behavior in preparation for pregnancy to enhance their
health and well-being. Mobile phone apps may provide an opportunity to deliver public health interventions during the preconception
period.

Objective: This review aimed to synthesize the evidence of the effectiveness of mobile phone apps in promoting positive
behavior changes in women of reproductive age before they are pregnant (preconception and interconception periods), which
may improve future outcomes for mothers and babies.

Methods: Five databases were searched in February 2022 for studies exploring mobile phone apps as a prepregnancy intervention
to promote positive behavior change. The identified studies were retrieved and exported to EndNote (Thomson Reuters). Using
Covidence (Veritas Health Innovation), a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study
flow diagram was generated to map the number of records identified, included, and excluded. Three independent reviewers
assessed the risk of bias and conducted data extraction using the Review Manager software (version 5.4, The Cochrane
Collaboration), and the data were then pooled using a random-effects model. The Grades of Recommendation, Assessment,
Development, and Evaluation system was used to assess the certainty of the evidence.

Results: Of the 2973 publications identified, 7 (0.24%) were included. The total number of participants across the 7 trials was
3161. Of the 7 studies, 4 (57%) included participants in the interconception period, and 3 (43%) included women in the
preconception period. Of the 7 studies, 5 (71%) studies focused on weight reduction, assessing the outcomes of reductions in
adiposity and weight. Of the 7 studies, nutrition and dietary outcomes were evaluated in 2 (29%) studies, blood pressure outcomes
were compared in 4 (57%) studies, and biochemical and marker outcomes associated with managing disease symptoms were
included in 4 (57%) studies. Analysis showed that there were no statistically significant differences in energy intake; weight loss;
body fat; and biomarkers such as glycated hemoglobin, total cholesterol, fasting lipid profiles, or blood pressure when compared
with standard care.

Conclusions: Owing to the limited number of studies and low certainty of the evidence, no firm conclusions can be drawn on
the effects of mobile phone app interventions on promoting positive behavior changes in women of reproductive age before they
are pregnant (preconception and interconception periods).

Trial Registration: PROSPERO CRD42017065903; https://tinyurl.com/2p9dwk4a

International Registered Report Identifier (IRRID): RR2-10.1186/s13643-019-0996-6
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Introduction

Background
Many of the adverse outcomes experienced by mothers and
babies in the short term and long term are directly related to the
mothers’ health before pregnancy [1-4]. The preconception
period is a unique window of opportunity when women are
often more motivated to optimize their health and change their
lifestyle in preparation for pregnancy [5]. By reducing health
and behavioral risks before conception, preconception care
prevents pregnancy-related issues from occurring [6]. Modifiable
lifestyle behaviors are often assessed through biochemical and
anthropometric measurements, self-reporting, and validated
tools [7].

Mobile phone apps have the potential to support modifiable
behavioral changes known to increase positive health outcomes
such as weight loss, physical activity, and balanced diet [8].
Smartphones are mobile phones that operate many computer
functions, usually having a high-resolution touchscreen
interface, internet access, Wi-Fi connectivity, web-browsing
capabilities, and an operating system that can run and download
apps [9]. Globally, in the first quarter of 2020, health and fitness
mobile and internet applications were downloaded 593 million
times [10]. The COVID-19 pandemic has led to an increase in
internet-based care and self-care via telehealth and mobile health
in all areas of health, including reproductive and women’s health
[11].

A recent randomized controlled trial (RCT) by Sandborg and
Söderström [12] provided an example of how a smartphone app
intervention (HealthyMoms) could be used to promote healthy
weight gain, healthy diet, and physical activity during
pregnancy. Although the authors did not find a statistically
significant effect on gestation weight gain, they did see that
women who were overweight or obese before pregnancy in the
intervention group gained fewer kilograms than those in the
control group in the imputed analyses (−1.33 kg, 95% CI −2.92
to 0.26; P=.10) and the completers-only analyses (−1.67 kg,
95% CI −3.26 to −0.09; P=.03) [12].

Another example that demonstrates how an app may be used
in pregnancy to change behavior is a study by Kennelly et al
[13,14]; the primary outcome of this RCT was to evaluate the
effect of a prenatal app on the incidence of gestational diabetes
mellitus (GDM) in overweight and obese women. Although the
app did not decrease the incidence of GDM, a follow-up study
of the secondary outcomes [15] of nutrition, behavior change,
and physical activity showed that apps could be a prenatal
intervention for improving maternal health behaviors [15].
Physical activity (metabolic equivalent of a task—min/wk) was
higher in the app group after intervention (mean difference
[MD] 141.4, 95% CI 62.9-219.9), and the proportion of women

at the maintenance stage of change for physical activity was
higher in the intervention group (56.3% vs 31.2%) [15].

Poor diet before, during, or after pregnancy can lead to
compromised fetal and infant growth and poorer birth outcomes
in babies [16]. A healthy diet before conception has been
associated with a lower risk of gestational diabetes,
hypertension, pre-eclampsia, and preterm delivery [16]. A
systematic review by Overdijkink et al [17] found that mobile
health apps for supporting lifestyle and pregnancy care in
high-income countries can reduce gestational weight gain,
increase the intake of vegetables and fruit, and aid in smoking
cessation [17]; however, evidence is lacking on the effect of
such apps during the preconception or interconception period.

Although women are often keen to optimize their health before
conception, many women do not plan pregnancy and, therefore,
miss the opportunity to make positive changes to their health;
therefore, taking a life-course perspective may be advantageous,
and using smartphone apps to deliver interventions is a potential
strategy that could be implemented to reach many people very
quickly [18].

Objectives
The primary objective of this study was to review the evidence
of the effectiveness of mobile phone apps in supporting positive
behavior changes in women of reproductive age before they are
pregnant (preconception and interconception periods), which
may improve future outcomes for mothers and babies. Our
secondary objectives were to determine the effects of mobile
apps on self-efficacy and psychosocial and general health
outcomes.

Methods

A systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement [19]. The protocol was registered
with the International Prospective Register of Systematic Review
(PROSPERO; CRD42017065903) and published in 2019 [20].

Criteria for Considering Studies for This Review

Types of Studies
RCTs, quasi-RCTs, and cluster-randomized trials that aimed to
assess the effects of mobile app–based interventions on the
knowledge or behavior of women of reproductive age were
considered for inclusion.

Types of Participants
Our study population included nonpregnant women of
reproductive age, regardless of whether they were planning a
pregnancy. The term “preconception” is a broad concept that
is understood differently by different individuals and couples
who are in the prepregnancy period. In defining preconception,
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we included the provision of pre-emptive, promotive, or
therapeutic health before conception or between 2 pregnancies
(interconception) [21]. We have used the “potential
preconception perspective” definition by Hill et al [22]; 4
defining elements characterize this perspective: (1) reproductive
age: (2) a man or woman; (3) a woman or partner who is not
pregnant; and (4) only sexually active individuals, including
those who partake in intercourse without using effective
contraception and those who experience contraceptive failure
[22]. To determine the inclusion and exclusion criteria, we used
the United Nations Department of Economic and Social Affairs
(2020) family planning delineation of reproductive age—15 to
49 years [23].

Types of Interventions
Mobile app interventions were included if they provided general
information for women of reproductive age or focused on a
specific risk factor relevant to future perinatal outcomes.
Interventions that supported information delivery,
decision-making, self-care, and behavior change or risk
reduction strategies or advice were included. There were no
restrictions regarding who developed or funded the intervention.

Trials that assessed behavior change interventions,
self-management of wellness, and disease prevention
management (single or combined) were included. Studies
published as abstracts only were included if sufficient
information was available or if we obtained the required
information by contacting the authors.

Individualized interventions with capabilities such as
self-monitoring, intention formation, specific goal setting, and

review of and feedback on goals were included. Studies were
excluded for several reasons, which are published in the protocol
[20].

Comparisons
Our review aimed to assess the following comparisons: (1)
mobile phone apps versus SMS text messaging–based or
paper-based communications, for example, comparing an app
that could be tailored to the individual versus a text-based
intervention that provided general information; (2) mobile phone
apps versus face-to-face or telephone conversations, for
example, an app that did not have any health care professional
(HCP) interaction versus a personal interaction with an HCP;
and (3) mobile phone apps versus usual or standard care as
described by the authors or no specific intervention, for example,
an app designed as the intervention for the study versus the
provision of care from an HCP or no provision of care.

Outcomes
We sought studies that evaluated targeted interventions, such
as pregnancy planning support and advice about healthy weight,
diet, exercise, reduction or cessation of smoking, and alcohol
and drug use. We also looked for studies that had interventions
for supporting decision-making or for addressing specific
physical and psychosocial needs such as perinatal mental health,
for example, anxiety and depression. Furthermore, we searched
for studies that evaluated health service use and outcomes
specific to unintended and intended pregnancies (both maternal
and neonatal; Table 1).
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Table 1. Primary and secondary outcomes.

Behavior changes as defined by the trial authors relative to the goal of the intervention

Primary outcomes • Healthier lifestyle choices
• Reduced at-risk behaviors, for example, smoking cessation and alcohol intake cessation or reduction
• Increase in physical activity
• Weight control or reduction in adiposity
• Diabetes management, that is, blood glucose control
• Improved nutrition
• Optimum management of disease symptoms, for example, reduction in blood pressure in hypertensive disease

or management of thyroid disease
• Reduction in unwanted pregnancies

Secondary outcomes • Self-efficacy (as defined by the trial authors using a validated scale such as the Rosenberg Self-Esteem Scale)
• Psychosocial outcomes such as depression and anxiety (as defined by the trial authors and measured using a

validated tool, eg, Cambridge Worry Scale, State-Trait Anxiety Index, or Edinburgh Depression Scale)
• General health (as defined by the trial authors using a standardized measure such as a general health assessment

tool)
• Knowledge of the targeted intervention topic, for example, the biomedical, social, or environmental risk (as

defined by the trial author)
• Evaluation of the intervention (as reported by the trial authors, eg, adherence to lifestyle recommendations)
• Health service use (as reported by the trial authors, eg, outpatient clinic appointment for the management of

health or lifestyle, interaction with health service programs, interaction with GPa services, and the use of in-
patient services or length of stay in hospital)

Outcomes specific to unintended
pregnancy

• Pregnancy intention (mistimed, ambivalent, or as reported by the trial authors, eg, a psychometrically valid
measure of pregnancy intention that assesses intention on a continuous scale, such as the London Measure of
Unplanned Pregnancy)

• Health service use (as reported to the trial authors, eg, family planning clinic, contraceptive counseling,
pregnancy test referral, and abortion options or services)

Outcomes specific to pregnan-
cy—maternal

• Maternal morbidity (major)—a combination of near-miss mortality and unexpected admission to the intensive

care unit or death, as defined by the WHOb

• Antepartum hemorrhage
• Postpartum hemorrhage
• Gestational diabetes
• Pre-eclampsia
• Mode of birth
• Induction of labor
• Pain relief in labor
• Successful initiation of breastfeeding
• Maternal satisfaction
• Antenatal or postnatal depression
• Early pregnancy loss (miscarriage)
• Unanticipated admission to the hospital postnatally

Outcomes specific to pregnan-
cy—neonatal

• Perinatal morbidity (major—unexpected admission to intensive care unit)
• Stillbirth
• Neonatal death
• Mode of birth
• Gestational age at birth
• SGAc—birth weight <the 10th percentile (using the growth chart defined by the trialist)
• LGAd—birth weight >the 90th percentile (using the growth chart defined by the trialist)
• Infant feeding method at 3 months
• Unanticipated admission to the hospital

aGP: general practitioner.
bWHO: World Health Organization.
cSGA: small for gestational age.
dLGA: large for gestational age.

Electronic Searches
The initial search was conducted on February 4, 2021, using
index terms. The search was repeated before the final analysis,
on February 14, 2022, and no further studies were retrieved. To

avoid missing nonindexed concepts, electronic searches using
subject headings and all fields for keywords were conducted
(Multimedia Appendix 1). Systematic searches were performed
using 5 electronic bibliographic databases: Cochrane Central
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Register of Controlled Trials (CENTRAL), MEDLINE (Ovid),
Embase, CINAHL (EBSCO), and Web of Science. In addition,
we searched ClinicalTrials.gov and the World Health
Organization International Clinical Trials Registry Platform
(Global Index Medicus) for unpublished, planned, and ongoing
trial reports. No language or date restrictions were applied.
Abstracts and full-length articles were obtained for each citation,
where available.

Searching Other Resources
We hand-searched the reference lists of the included ongoing
studies and relevant reviews identified through electronic
searches to identify unpublished trials. We then emailed the

trial contact for ongoing or completed but unpublished trials
for further information.

Data Collection and Analysis

Study Selection
All the identified studies were retrieved from web-based
databases and exported to the reference management system
EndNote (version X8; Thomson Reuters). All remaining
citations and abstracts were uploaded to the Covidence
systematic review software (Veritas Health Innovation). A
PRISMA [19] study flow diagram was generated in Covidence
to map out the number of records identified, included, and
excluded (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for new systematic reviews, which
includes searches of databases [19].

Data Extraction and Management
Data related to study identification, methods, population,
interventions, comparisons, and outcomes were extracted using
the Covidence systematic review software, and the authors were
not blinded to journal titles or study authors or institutions
throughout the process. Studies were screened by LMM, KC,
ED, and AG based on the titles and abstracts. After screening,
the full texts were retrieved and reviewed by LMM and 2 other
authors (KC and ED). Disagreements were resolved through
discussion with a fourth investigator (AG).

Assessment of Risk of Bias in the Included Studies
The Cochrane risk of bias tool was applied to the included
studies [24] using the following domains: (1) sequence
generation, (2) allocation concealment, (3) blinding of
participants and personnel for all outcomes, (4) blinding of
outcome assessors for all outcomes, (5) incomplete outcome

data for all outcomes, (6) selective outcome reporting, and (7)
other sources of bias. Two reviewers independently assessed
the studies (KC and ED) to reach a consensus, and a third
reviewer resolved disagreements (LMM). Studies were rated
as having “high,” “low,” or “unclear” risk of bias.

Measurement of Treatment Effect
The Review Manager software (version 5.4; The Cochrane
Collaboration) was used for statistical analyses [25]. The
individual differences and MD were the units of analysis.
Relative risks and risk differences were used to measure the
effectiveness of the intervention between the groups.

Assessment of Heterogeneity
Heterogeneity was considered by assessing the participants
(women of reproductive age), intervention (mobile phone app),
and primary outcome (behavior as defined by the trial authors)
to determine whether they were sufficiently similar to be
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combined. Statistical heterogeneity was evaluated through the
visual inspection of the CI of amalgamated studies for overlap,

and the I2 statistic [24] and funnel plots were generated;
however, because of the limited number of studies incorporated,
no publication bias was detected.

Data Synthesis
We used the Review Manager software (version 5.4) [25] to
conduct a meta-analysis of the results from the included studies;
this was achieved using a fixed-effects model. Continuous data
were determined using the MD. A meta-analysis was performed
on 8 outcomes.

Subgroup Analysis
Although a subgroup analysis was planned, there were
insufficient data to conduct this exploration.

Sensitivity Analyses: Quality of Evidence
A sensitivity analysis was not conducted because of the small
number of trials for each outcome.

The Grades of Recommendation, Assessment, Development,
and Evaluation approach was used to evaluate the quality of the
body of evidence [26]. Study limitations, consistency of effect,
imprecision, indirectness, and publication bias were considered
for specific outcomes, and the evidence was graded accordingly
[26]. The web-based GRADEpro Guideline Development Tool
[23] was used to construct a summary of findings table.

Results

Description of the Search

Overview
The search strategy used for this review is described using
PRISMA and presented in Figure 1 [19]. One of the authors
(LMM) searched the databases on February 14, 2022; the search
returned 2973 references, of which 1149 (38.65%) duplicates
were removed. The titles and abstracts of 61.35% (1824/2973)
of the studies were screened by 2 authors independently (among
LMM, KC, and ED), and 91.06% (1661/1824) of these studies
were excluded after an assessment based on study type,
population, and relevance. Two authors independently reviewed
163 full texts against the inclusion and exclusion criteria; at this
time, hand-searching was performed by LMM; however, no
additional studies meeting the inclusion criteria were discovered.
Excluded studies (n=156) are presented in Multimedia Appendix
2; several studies had multiple reasons for exclusion; however,
each was allocated to a primary category. In total, 7 trials met
the inclusion criteria (Multimedia Appendix 3 [27-33]), and 4

trials were registered as ongoing (Multimedia Appendix 4).
Disagreements between the authors were resolved through
consultation with a third reviewer (AG) throughout the process.

Excluded Studies
A table of the excluded studies and reasons for exclusion are
provided in Multimedia Appendix 2. Studies excluded as
“ongoing studies” (n=4) are presented in Multimedia Appendix
4.

Included Studies
The 7 included studies are summarized in Table 2. The details
of the characteristics of these trials are provided in Multimedia
Appendix 3. These studies were published from 2017 to 2022.

All the 7 studies used a parallel-group design, and 1 study (14%)
used a single center. All studies recruited participants from a
health care setting (hospital or health care clinic or center). All
the 7 studies compared women using a smartphone app with
routine care from high-income countries, except for 1 study
(14%) from Iran, which is considered a lower-middle–income
country. All studies compared a mobile app with standard
(routine) care. One trial used a mobile phone app and
face-to-face coaching versus standard care [27], whereas another
trial combined several intervention components and compared
these with the standard care group [28].

The studies assessed a wide variety of outcome variables that
were considered measures of behavior change. These included
a change in weight control, a reduction in adiposity, a reduction
in blood pressure, a reduction in glycated hemoglobin (HbA1c),
a reduction in fasting lipid profiles, smoking or alcohol reduction
or cessation, an increase in physical activity, a reduction in
sedentary time, and an improvement in nutrition compared with
standard care or no specific intervention. Of the 7 studies, 5
(71%) studies included ≥1 anthropometrics (BMI, body fat
percentage, weight loss, waist circumference [WC], and hip
circumference). Of the 7 studies, blood pressure was measured
in 4 (57%) studies, and a range of biochemical tests and markers
were associated with managing disease symptoms, such as the
oral glucose tolerance test, HbA1c, lipid profiles, liver function,
and total cholesterol, high-density lipoprotein (HDL), and
triglycerides. Of the 7 studies, nutrition and dietary outcomes
were assessed in 2 (29%) studies. Kilojoules, caloric, and
macronutrient intake data were collected for these variables and
then outcomes were compared for both the control and
intervention arms of the studies. Only 2 studies of the 7 (29%)
used the dietary risk scores (DRSs) to determine a change in
dietary outcomes.
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Table 2. Summary of the included studies (N=7).

Primary outcomeControlInterventionType of participants ran-
domized

Randomized
participants,
n

LocationMobile
phone app

Study

Postpartum weight loss
(change in weight follow-
ing the 4-month interven-
tion)

Standard care

(WICa Moms;
n=16)

E-Moms app
(n=19)

Women in their postpar-
tum (interconception)
period who were over-
weight or obese

40United
States

E-MomsGilmore et al
[29], 2017

Eating behavior, energy
intake (kcal), physical
activity

(METc—min/wk), and
sedentary time (min/d)
measured at 6 and 12
months post partum

Standard care
(n=726)

INTER-ACT app
and face-to-face
coaching (n=724)

Women with excessive
gestational weight gain
in the period preceding
pregnancy (interconcep-
tion)

1450BelgiumINTER-

ACTb
Bijlholt et al
[27], 2021

Change in EPDSd from
baseline

Standard care
(n=37)

Happy Mom app
(n=38)

Women in their postnatal
(interconception) period

78IranHappy MomJannati et al
[30], 2020

Weight loss—return to
first trimester weight
measured at 4 months
post partum

Standard care
(n=99)

nBuddy app
(n=101)

Postnatal women who
had been diagnosed with
gestational diabetes mel-
litus (interconception)

200SingaporeSPAROWe

Trial

Lim et al
[31], 2021

Improvement in DRSg at
24 weeks after starting
program

Smarter Preg-
nancy app
“light” version
(not tailored;
n=434)

Smarter Pregnan-
cy app version
with personalized
interaction and
emails (n=414)

Women attending an

IVFf clinic (preconcep-
tion)

848Nether-
lands

Smarter
Pregnancy

Oostingh et
al [32], 2020

Improvement in DRS at
24 weeks after starting
the program

Smarter Preg-
nancy app ver-
sion with limit-
ed functionality
and no personal-
ized interaction
(n=109)

Smarter Pregnan-
cy app version
with personalized
interaction
(n=109)

Women who are contem-
plating pregnancy or al-
ready pregnant (<13
weeks of pregnancy) and
attending urban health
services (preconception)

218Nether-
lands

Smarter
Pregnancy

van Dijk et
al [33], 2020

Efficacy of a complex
behavioral change inter-
vention in enhancing
women’s health before
pregnancy

Standard care
(n=276)

Interaction with
community
health promotors

(HCPi), an app,
and a web-based
interface (n=272)

Newly registered married
or engaged women
(young women before
their first pregnancy;
preconception)

549MalaysiaJom mamahHanafiah et
al [28], 2022

aWIC: women, infants, and children.
bINTER-ACT: A randomized controlled trial that uses a lifestyle intervention that combines a mobile phone app and face-to-face coaching sessions
between 6 weeks and 6 months postpartum.
cMET: metabolic equivalent of task.
dEPDS: Edinburgh Postnatal Depression Scale.
eSPAROW: Smartphone App to Restore Optimum Weight randomized controlled trial.
fIVF: in vitro fertilization.
gDRS: dietary risk score.
hJom mama: a randomized controlled trial that used a complex preconception intervention that included a mobile phone app.
iHCP: health care professional.

Risk of Bias Assessment of the Included Studies
The risk of bias assessment for each included study is presented
in Multimedia Appendix 3. Table 3 summarizes the risk of bias
for each study individually. To assess the risk of bias due to

selective outcome reporting, trial registrations and protocols
were checked to validate that the intended outcomes were
reported. The reporting bias across all studies was low, with all
reporting data for the primary outcomes.
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Table 3. The risk of bias summary: review authors’ judgments about each risk of bias item of each included study.

Risk assessmentStudy (publication year)

Other biasSelective
reporting

Incomplete out-
come data

Blinding of out-
come assessors

Blinding of partici-
pants and personnel

Allocation
concealment

Random sequence
generation

HighLowLowUnclearHighHighLowBijlholt et al [27], 2021

UnclearLowLowHighHighHighHighGilmore et al [29], 2017

HighLowUnclearHighHighHighLowJannati et al [30], 2020

UnclearLowLowHighHighLowLowLim et al [31], 2021

UnclearLowLowLowLowLowLowOostingh et al [32], 2020

UnclearLowLowUnclearHighLowLowHanafiah et al [28], 2022

UnclearLowUnclearHighHighLowLowvan Dijk et al [33], 2020

Description of Participants
The total number of participants across the 7 trials was 3161.
Of the 7 trials, 3 (43%) recruited women planning pregnancy
(preconception; n=1393), and 4 (57%) recruited women in their
postpartum (interconception) period (n=1768). Of the 7 trials,
2 (29%) trials included women in their postpartum
(interconception) period who were considered overweight or
obese (n=1490). Of the 7 trials, 1 (14%) trial included women
<13 weeks pregnant (n=73); we removed this subgroup of
women before our analysis, and participant characteristics are
presented in Multimedia Appendix 3.

Description of Interventions
All mobile phone apps were purposely designed for individual
studies and free to participants. No data were presented
regarding intervention modifications in any of the included
studies. Data regarding the cost-benefit analysis of the
interventions were not apparent in any of the studies.

Effects of Interventions
A “summary of findings” table for the main comparison, that
is, between the mobile phone app and standard care, can be
found in Multimedia Appendix 5.

Primary Outcomes

Overview
The primary outcome of interest was a change in behaviors as
defined by the trial authors comparative to the aim of the
intervention (Table 1). The results are presented using the
measures used by the authors to assess behavior change; for
example, weight control or reduction in adiposity was measured
by assessing energy intake (kcal), BMI, and weight loss (kg).
A variety of biochemical measures were also used by the authors
to assess changes; for example, weight control was measured
using fasting lipids, and the management of disease symptoms
was measured by assessing HbA1c and liver function test
variables.

Weight Control or Reduction in Adiposity

Weight Control—Reduction in Calories and Improved Diet

There was no significant MD in reduction in calories (kcal)
between women who received the mobile phone app and those
who did not (MD −140.89 less, 95% CI −190.19 to 91.59; 2

trials, 937 women; I2=98%; very low certainty evidence).
Bijlholt et al [27] also found that sugar was lower in the total
caloric intake in the app group (adjusted MD −0.019, 95% CI
−0.028 to −0.010; P<.001), and this was significant (refer to
Figure S1 in Multimedia Appendix 6 [27,31]).

A study by Lim et al [31] compared an intervention that aimed
to assist women in returning to their ideal weight post partum
using a mobile phone app with standard care. At 4 months, the
intervention group reported reductions in total caloric intake
(−614.2 kcal, 95% CI −751.5 to −476.9), total fat (−20.7 g, 95%
CI −27.2 to −14.2), and sugar (−27.9 g, 95% CI −35.7 to −20.1)
when compared with the control group.

Bijlholt et al [27] compared a smartphone app with standard
care in women with excessive gestational weight gain in the
preceding pregnancy. At 6 months post partum, “restrained
eating” score was 1 point higher in the intervention group (95%
CI 0.5-1.5; P<.001), and “uncontrolled eating” was 1 point
lower in the control group (95% CI −1.9 to −0.2; P=.02). At
follow-up, the differences were no longer statistically significant.

Two studies assessed changes in eating behavior using DRS.
The primary outcome of the study by Oostingh et al [32] was
an improvement in good nutritional behaviors based on a
reduction in DRS 24 weeks after starting the program and 12
weeks after the completion of the program in women undergoing
in vitro fertilization treatment. DRS is calculated as the sum of
scores for vegetable, fruit, and folic acid supplement intake
(range 0-9); the higher the score, the more adequate the
nutritional intake and behaviors are. DRSs at 24 weeks (β=.779,
95% CI 0.456-1.090) and 36 weeks (β=.816, 95% CI
0.478-1.142) showed no significant difference. In the study by
van Dijk et al [33], participants in the intervention group
documented a nonsignificant reduction in DRS (β=.750, 95%
CI 0.188-1.341) compared with the control group at 24 weeks
[33].

Weight Control—Reduction in Weight

There was no significant MD in weight loss (kg) between
women who received the mobile phone app and those who did
not (MD −0.78 less, 95% CI −1.20 to −0.36; 3 trials, 529

women; I2=94%; very low certainty evidence; Figure S2 in
Multimedia Appendix 6 [28,29,31]).
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Weight Control—Reduction in WC and Waist to Hip Ratio

One study compared the change in WC and another study
measured the change in waist to hip ratio; therefore, a
meta-analysis could not be performed. The Jom Mama study
[28] (n=305) measured the change in WC (baseline minus end
point assessment) and found that the intervention group had a
mean increase in WC by 1.2 (SD 6.6) cm, and the control group
had a mean increase in WC by 1.0 (SD 5.6) cm; this difference
was not statistically significant. In the study by Gilmore et al
[29] (n=35), there was no significant MD in the waist to hip
ratio (cm) between women who received the intervention and
those who did not (MD −0.01 less, 95% CI −0.02 to 0.00), and
the certainty of evidence was considered low [28,29].

Reduction in Adiposity—BMI

There was no significant MD in percent body fat BMI between
women who received the mobile phone app and those who did
not (MD −0.32 less, 95% CI −0.55 to −0.09; 2 trials, 340

women; I2=98%; low certainty evidence; Figure S3 in
Multimedia Appendix 6 [28,29]).

Optimizing Health and Improving Chronic Health
Disease

Reduction in Blood Pressure

There was no significant MD in systolic or diastolic blood
pressure (mm Hg) between women who received the mobile
phone app and those who did not (systolic: MD −1.63 less, 95%

CI −0.42 to 3.68; 3 trials, 529 women; I2=0%; low certainty
evidence; Figure S4 in Multimedia Appendix 6 [28,29,31];
diastolic: MD −1.33 less, 95% CI −0.77 to 3.42; 2 trials, 340

women; I2=0%; low certainty evidence; Figure S5 in Multimedia
Appendix 6 [28,29]).

Reduction in Glucose Tolerance, HbA1c, and Fasting Lipid
Profiles

There was no significant MD in HbA1c (mmol/L) between
women who received the mobile phone app intervention and
those who did not (MD 0.10, 95% CI 0.04 to −0.16; 2 trials,

494 women; I2=0%; low certainty evidence; Figure S6 in
Multimedia Appendix 6 [28,31]). Lim et al [31] measured
glucose tolerance in women diagnosed with gestational diabetes
antenatally. The intervention group received an app, whereas
the control group received standard care. At 4 months
postnatally, 3% of participants in the intervention group and
0% of participants in the control group had impaired fasting
glucose, and 14% of participants in the intervention group and
19% of participants in the control group had impaired glucose
tolerance [31]. There was no significant MD in total cholesterol
(mmol/L; MD 0.02, 95% CI −0.13 to 0.18; 2 trials, 494 women;

I2=0%; low certainty evidence; Figure S7 in Multimedia
Appendix 6 [28,31]). There was no significant MD in HDL
(mmol/L; MD 0.01, 95% CI −0.06 to 0.08; 2 trials, 494 women;

I2=0%; low certainty evidence; Figure S8 in Multimedia
Appendix 6 [28,31]). The Jom Mama trial [28] found no
difference in the mean triglyceride level (intervention: mean
0.90, SD 0.5; control: mean 0.85, SD 0.4; P=.36).

Changes in At-Risk Behaviors—Alcohol and Smoking
Only 1 study [32] (14%) reported on alcohol and smoking
outcomes (848 women); therefore, a meta-analysis was not
conducted, and the certainty of evidence was considered low.
Oostingh et al [32] calculated a lifestyle risk score (LRS) and
the smoking score and alcohol consumption score that
contributed to the LRS. A linear regression model
(difference-in-differences) was used to analyze differences in
improvements in LRS between the groups and adjusted for
baseline values. At the 24-week time point, there was a decrease
in LRS in the intervention group (β=.108, 95% CI 0.021-0.203),
and at the 36-week end point, LRS was still lower than the
baseline scores (β=.067, 95% CI −0.032 to 0.165) [32].
Although there appears to be some effect of the intervention at
24 weeks for both smoking and alcohol consumption, this effect
appears to be washed out at 36 weeks after the program [32].

Changes in Physical Activity and Sedentary Time
Two studies reported these outcomes [27,28]; however, as
different tools were used to measure them, a meta-analysis could
not be performed, and the certainty of evidence was considered
very low. Bijlholt et al [27] (n=649) reported that the MD in
physical activity (metabolic equivalent of task—min/wk)
between the groups at 6 and 12 months post partum was not
statistically significant (at 6 months: MD 0.052, 95% CI −0.099
to 0.203; P=.40; at 12 months: MD 0.144, 95% CI −0.025 to
0.313; P=.11). However, in the overweight group, at the
12-month end point, there was a trend toward a change in
physical activity, but these results were not statistically
significant (MD 0.265, 95% CI −0.001 to 0.531; P=.053) was
approaching statistical significance. No significant difference
was found between the control and intervention groups in
sedentary time (min/d) at 6 months (MD −14, 95% CI −39 to
12; P=.21) or at 12 months (MD −17, 95% CI −46 to 13; P=.22)
[27]. Hanafiah et al [28] (n=305) measured physical activity
outcomes using the International Physical Activity Questionnaire
and found no significant MD (min/wk; MD 0.31; P=.13)
between the intervention and control groups in sitting (sedentary
time).

Secondary Outcomes
A summary of secondary outcomes can be found in Multimedia
Appendix 7 [28,29,31-33].

Self-efficacy
Lim et al [31] assessed self-efficacy in regulating exercise using
a mobile phone app in postpartum women with recent GDM.
The authors reported that at 4 months, women in the intervention
group using the nBuddy app had higher scores in 2 questions
gauging their confidence in being able to perform exercise
regularly. These 2 questions addressed how confident
participants felt about performing exercise ≥3 a week despite
physical discomfort (question 6) and when they had other time
commitments (question 11). The intervention group reported
higher scores on question 6 (MD 7.94, 95% CI 7.94-1.06, P=.02
[unadjusted]) and question 11 (MD 6.64, 95% CI 0.18-13.09;
P=.04) when compared with the control group. The certainty
of evidence was considered to be very low for this outcome.
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Psychological Outcomes
A total of 3 (43%) studies measured psychological outcomes;
however, all used different tools to measure these outcomes.
The certainty of evidence was considered to be very low for
this outcome. Hanafiah et al [28] assessed changes in stress
levels using the Depression Anxiety and Stress Scale–21 Items
questionnaire and found no significant differences between the
intervention and control groups. Lim et al [31] used the
RAND-12 Item Health Survey questionnaire to measure the
quality of life and found higher emotional distress scores in the
intervention group that used the nBuddy app (0.21, 95% CI
0.05-0.38). Lim et al [31] hypothesized that emotional distress
was related to physical fitness rather than to emotional problems.

Postpartum depression was measured in a study by Jannati et
al [30] using the Edinburgh Postnatal Depression Scale. The
results showed that the intervention group that used the cognitive
behavioral therapy mobile phone app Happy Mom had a lower
mean Edinburgh Postnatal Depression Scale score (8.18, SD
1.5) than the control group (15.05, SD 2.9), and this was
statistically significant (P=.001) [30].

Evaluation of Intervention: Intervention Compliance,
Adherence, and Engagement
Two studies assessed compliance with the Smarter Pregnancy
intervention, the studies by Oostingh et al [32] and van Dijk et
al [33], at 24 weeks. Both studies showed less compliance in
the intervention groups (68.5% and 78.9%) than in the control
groups (80.8% and 83.5%). Gilmore et al [29] found that
postpartum women with high intervention adherence had a
reduction in body weight (mean −3.6, SD 1.6 vs mean 1.8, SD
0.9 kg; P=.005) and body fat (mean −2.5%, SD 1.0% vs mean
1.7%, SD 0.6%; P=.001) when compared with women who
received usual care. Lim et al [31] measured user engagement
and found that the overall use rate (4-month average) was
65.5%, which the authors claim is significantly higher than other
delivery modes, such as face-to-face and telephone-based
interventions. Overall, the certainty of evidence was considered
to be very low for the outcomes of intervention compliance,
adherence, and engagement.

Discussion

Summary of the Principal Findings
We aimed to provide a review of the evidence of the
effectiveness of mobile phone apps in supporting positive
behavior changes in women of reproductive age in the
preconception and interconception periods. Despite broadly
searching, we identified just 7 studies of low quality. Given the
expanding use of and interest in apps as an intervention, we
expected to find more studies in this area. We found a wide
variation in participant characteristics and outcome measures.
The studies assessed anthropometry (clinical), biochemical,
self-efficacy, and psychosocial measures in an attempt to
determine whether behavior changes had occurred after the
intervention. Outcomes measured in the studies included weight
control, reduction in adiposity, optimizing health and chronic
health diseases, change in risky behaviors (smoking and alcohol
use), change in physical activity and sedentary time,

self-efficacy, psychological outcomes, and evaluation of
adherence, compliance, and engagement with the intervention.
We did not find any studies that reported on unintended
pregnancy, maternal or neonatal outcomes. All studies compared
a mobile phone intervention with standard care or no specific
intervention. The end point of the interventions included were
4 to 6 months, with very little follow-up to assess long-term
efficacy.

There was considerable heterogeneity across the studies included
in the meta-analysis that measured anthropometric measures,
which may be related to clinical (preconception and
interpregnancy), methodological (differences in study design),
and statistical (variations in intervention effects and results)
differences. The 3 (43%) studies that measured improved diet
and calorie reduction using a validated tool showed improved
behavior in those randomized to the mobile phone app; however,
the overall results were not significant. The 2 (29%) studies that
measured WC and waist to hip ratio showed an increase in WC
or no difference (retrospectively). Overall, the evidence is of
very low quality. To gain a better understanding of the impact
of mobile phone apps as an intervention for weight management,
much larger trials that separate preconception and
interpregnancy populations and use the same outcome measures
are needed.

Studies that measured clinical or biochemical measures had low
heterogeneity in the meta-analysis; P values of the chi-square
tests in the meta-analysis ranged from >.99 to.43. Findings for
total cholesterol and HDL were uncertain. The overall effect (z
test) for total cholesterol was 0.30 (P=.76), and for HDL, it was
0.34 (P=.74).

Agreements and Disagreements With Other Studies
or Reviews
We did not identify any other published reviews of mobile phone
apps that reported evidence of their effectiveness in women of
reproductive age in the preconception or interconception period.
However, we identified several reviews that have assessed the
evidence related to mobile phone apps and behavior change,
which are relevant to our findings.

The most relevant to our work is a systematic review by Daly
et al [34]. This review aimed to examine the effects of mobile
phone app interventions on influencing maternal health
behaviors and improving perinatal health outcomes. The main
findings from this review are congruent with our findings, in
that the authors found it difficult to assess the effect of mobile
phone apps on behavior change or outcomes because of the
limited number of studies and heterogeneity of outcome
measures. Similar to Daly et al [34], we found no evidence of
behavior change theory underpinning the design of the app
interventions and limited follow-up to gauge longitudinal
benefits.

We identified a narrative literature review that aimed to
synthesize the latest evidence on the use of mobile phones for
weight management. Although not specifically examining
women of reproductive age, the review by Ghelani et al [35]
suggests that mobile apps may be useful as low-intensity
approaches or as additions to standard weight management
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strategies; however, they should not be a stand-alone weight
management intervention. Similar to Ghelani et al [35], we
agree that behavioral components such as self-monitoring and
tailored feedback are an essential component of any weight
management intervention, and optimizing these through
technology would only enhance the effect.

Our statistical findings differ from a recent meta-analysis by
Islam et al [36], who found that compared with the control
group, the use of a mobile phone app was associated with
significant changes in body weight (−1.07 kg, 95% CI −1.92 to

−0.21; P=.01) and BMI (−0.45 kg/m2, 95% CI −0.78 to −0.12;
P=.008). Our findings also differ from a study by Banerjee et
al [37], who assessed calorie counting apps and their
effectiveness in lifestyle modification and weight management
among young Indian adults; this pre-post comparison study
found no significant differences in anthropometry or food
consumption. It must be noted that neither study specifically
examined the population of women of reproductive age, which
may be the reason for the difference in the results.

Strengths of This Review
We did not limit our search by language or use search filters
that would reduce returns. Authors from ongoing studies were
contacted and asked for an update regarding study progress and
preliminary results. Three independent authors conducted the
study identification, eligibility assessment, data extraction, and
risk of bias assessments.

Potential Biases in the Review Process
Our review findings are limited by the small number of studies
that met the inclusion criteria. Although a comprehensive search
was conducted twice, it is possible that relevant studies were
missed. In August 2022, while responding to peer-reviewed
comments, results from the Jom Mama RCT were published by
Hanafiah et al [28] in a peer-reviewed journal. Although the
results remain the same as in the original trial and we do not
believe that this has impacted the quality of this review, this
was a deviation from the process.

Overall Completeness and Applicability of Evidence
Our study found evidence collected from 3 continents. Of the
7 trials, 3 (43%) were conducted in Asia, 3 (43%) were in
Europe, and 1 (14%) was in America. We are confident that our
study has explored the right participants, interventions,
comparisons, and outcomes published and peer reviewed. The
intervention apps used in the studies were for research use;
therefore, the findings cannot be generalized to commercial app
interventions. Overall, we believe that the evidence was
complete at the time of writing. However, owing to the
fast-paced nature of technology development and this field of
research, this review may only serve as a reference point for
the potential of smartphone apps as a behavior change
intervention.

Quality of the Evidence
The quality of the evidence presented in this review was very
low. This is predominantly because of the risk of bias among
included studies, particularly the blinding of participants,

personnel, and outcome assessors, and imprecision of results,
that is, because of the differences in the total number of
participants across studies, differences in the end points of the
intervention, and wide CIs.

Conclusions

Implications for Practice
On the basis of the results of our review and the quality of the
evidence, health care providers should be aware that the use of
mobile phone apps by women of reproductive age may result
in little or no difference in positive behavior change. Our review
included studies of women seeking health care before conception
or between pregnancies (interconception) and does not support
the use of mobile phone apps in practice to improve outcomes.

Implications for Policy
Currently, there is little evidence to support policy
implementation for the use of mobile phone apps as a
stand-alone intervention for supporting positive behavior
changes during the preconception and interconception periods.
No economic analyses (intervention vs normal care) were
conducted on any of the interventions used in the included
studies; therefore, commercial scaling up of the apps would not
be recommended until this is undertaken.

Implications for Research
The present body of evidence on mobile phone apps for
promoting positive behavior change in women of reproductive
age is of low quality, and larger RCTs are required to improve
the quality of the evidence. As none of the studies reported on
development or cocreation, it would be difficult to replicate the
presented studies. The replication of studies with larger sample
sizes would potentially provide more information about the
long-term efficacy of mobile app interventions and further
information on how technology can support individual care
plans, particularly for those with health conditions such as
diabetes or hypertensive disease.

The challenges of reversing obesity, diabetes, and other chronic
diseases in the year before pregnancy suggest that efforts to
improve preconception health should be directed at expanding
women’s access to primary care. Further research should address
this by recruiting individuals from a general population setting
such as urban hospitals or community services. This review
exposes a research gap in mobile phone apps and their use by
women to seek knowledge that informs positive behavior
changes. However, this is of direct relevance to health care
providers and is not evaluated in this review. Therefore, a future
research question is to determine the effects of a mobile phone
app targeted at women on a prespecified behavior directly
related to reproductive outcomes, such as alcohol consumption
or weight maintenance. To address the issue of different
outcome measures used by researchers and enhance
comparability and reporting, we support a standard set of
preconception and interconception measures be developed and
adopted. Having a standardized approach not only would help
with measuring outcomes but may also benefit the future design
of these interventions.
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CHAPTER 4: Knowledge, attitudes, and 

behaviours surrounding preconception and 

pregnancy health: An Australian cross-sectional 

survey  

4.1 Chapter aim 

Chapter 4 used a cross-sectional survey designed to investigate Australian women’s 

knowledge, attitudes, and behaviours surrounding preconception and pregnancy 

health and their preferences for information. As highlighted in Chapters 2 and 3, it is 

important to understand the population’s needs in order to develop interventions that 

will have impact. This chapter builds on the previous chapters and explores the 

hypothesis that women often have a wide range of knowledge and access to multiple 

sources of information on reproductive and pregnancy health.  
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ABSTRACT
Objective To understand Australian women’s knowledge, 
attitudes and behaviours surrounding preconception and 
pregnancy health and their preferences for information 
about these periods.
Design Cross- sectional survey.
Setting Making healthy changes can optimise 
preconception and pregnancy outcomes. Clinical practice 
guidelines inform preconception and pregnancy care in 
Australia. Women often have access to multiple sources of 
information on reproductive and pregnancy health.
Participants Women of reproductive age were asked to 
complete a web- based survey. The survey development 
was informed by preconception guidelines, consensus 
statements and the national pregnancy care guidelines. 
The survey was distributed through social media, local and 
national networks from 2017 to 2018.
Results Completed surveys were received from 
553 women.The majority (80.4%) had high educational 
attainment. Checking immunisation status and ensuring 
good mental health were rated as equally important 
actions both preconception (65%) and during pregnancy 
(78%). Limiting sedentary activities was not rated as an 
important action to take either preconception (36%), or 
during pregnancy (38%). Although women have good 
knowledge about the impact of weight on their own 
health outcomes (eg, gestational diabetes), there was 
less knowledge about adverse outcomes for babies like 
stillbirth and preterm birth. Women access many sources 
for reproductive health information, however, the most 
trusted source was from healthcare professionals.
Conclusion Most women of reproductive age in Australia 
have knowledge of the key health recommendations for 
preconception and pregnancy. However, there are gaps 
related to lifestyle behaviours particularly connected to 
weight gain and outcomes for babies. There is a strong 
preference to receive trusted information from healthcare 
providers through multiple resources.

BACKGROUND
Planning for pregnancy and pregnancy 
are unique windows of opportunity when 
women are often motivated to optimise 
health and change their lifestyle.1–3 Positive 
changes have the potential to impact the 
woman’s health as well as the health of the 

next generation.4 Positive behaviour modi-
fications to nutrition, physical activity and 
the cessation of smoking, drug and alcohol 
improve outcomes for mothers and babies 
and are ideal changes to be undertaken 
before pregnancy.5–7 Managing excess weight 
and preventing obesity in the reproductive 
years can improve women’s chronic disease 
trajectories and have intergenerational 
health benefits.3 8–10 Commencing folic acid 
supplementation, managing pre- existing 
medical conditions and considering genetic 
history are also key components of precon-
ception care.11 A recent umbrella review of 
systematic reviews by Daly et al12 of precon-
ception exposures and adverse pregnancy, 
birth and postpartum outcomes, found the 
quality of studies was largely low. However, 
high- certainty evidence for maternal folate 
supplementation for reducing neural tube 
defects and moderate- certainty evidence for 
maternal physical activity to reduce the risk 
of pre- eclampsia, and gestational diabetes 
was found. Furthermore, moderate- certainty 
evidence was also uncovered for the asso-
ciation between maternal body mass index 
(BMI) and interpregnancy weight gain on 
adverse pregnancy and birth outcomes.12

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒ This study was developed using scales, validated

tools and open- text responses that allowed for in- 
depth data analysis of women’s actions related to
seeking information and care.

⇒ Survey questions were based on Australian precon-
ception and pregnancy guidelines.

⇒ This study is not representative of all women of
reproductive age as participants were women who
have a high baseline education, income, social sup-
port and self- esteem.

⇒ This study was conducted prior to the COVID- 19
pandemic, prior to dependence on technology to
deliver care.

P
rotected by copyright.

 on M
arch 26, 2023 at U

niversity of T
echnology S

ydney.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065055 on 3 January 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1337-092X
http://dx.doi.org/10.1136/bmjopen-2022-065055
http://dx.doi.org/10.1136/bmjopen-2022-065055
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-065055&domain=pdf&date_stamp=2023-01-03
http://bmjopen.bmj.com/


2 Musgrave L, et al. BMJ Open 2023;13:e065055. doi:10.1136/bmjopen-2022-065055

Open access 

The Australian pregnancy care guidelines provide 
high- quality evidence- based guidance for maternity care 
providers.13 These guidelines recommend early engage-
ment with maternity care providers and a range of actions 
including screening for infection, recommending rele-
vant immunisations and monitoring for, and managing 
pregnancy- related complications.13 Furthermore, these 
guidelines recommended that women be advised about 
appropriate gestational weight gain based on the US 
Institute of Medicine and Australian dietary and phys-
ical activity guidelines.13 14 Gestational weight gain above 
or less than these recommendations is associated with 
a higher risk of adverse outcomes for the mother and 
infant.15 16

Despite increasing evidence about the benefits of 
preconception care for those who have unintended preg-
nancies the opportunity for preconception healthcare is 
often missed. An Australian national survey conducted 
by Rowe et al found that 40.8% of first pregnancies are 
unintended for those aged 18–32 years.17 Furthermore, 
authors found that women who have an unintended 
pregnancy were more likely to have socioeconomic disad-
vantage, live in a rural setting and have experienced 
sexual coercion.17 A study conducted in 2021 found that 
married women who were planning pregnancy had two 
or less children and were privately insured, and were 
more likely to follow preconception recommendations.18 
Furthermore, one- third (n=30/87) of women continued 
smoking, 64.4% (n=139/216) continued to drink ≥1 
standard alcoholic drink per week and five (9.6% of the 
52 women who reported ever using illicit drugs) women 
continued to use illicit drugs 3 months preconception.18 
Alcohol and smoking rates were concerning in both those 
planning and not planning pregnancy and young women 
were more likely to smoke in the preconception period 
and not take folic acid.18

Health information is rapidly changing and complex. 
Using technology to search for reproductive health and 
pregnancy information is common,19 understanding how 
women access information, the barriers and facilitator’s, 
can help those designing interventions to create the most 
effective and acceptable resources. A qualitative investiga-
tion by Khan et al20 found that Australian women prefer 
online platforms to access information, however, they felt 
that such platforms should be endorsed by government 
or professional bodies to increase trust in these sources. 
Women also stated that if they had difficulties in accessing 
reliable online information this can lead to anxiety and 
stress.20 This study also found that although women know 
about healthy lifestyle behaviours before pregnancy, 
they do not necessarily engage in formal preconception 
appointments or screening.20 In the study by Lang et al18 
young women were reported to be less likely to access 
information from healthcare professionals.

Currently there are a lack of high- quality preconception 
care guidelines and therefore healthcare professionals do 
not have the resources to offer comprehensive precon-
ception care supported by high- quality evidence.12 21–23 

To increase guideline relevance and acceptability in 
clinical practice, and develop guidelines that respond 
to clinical need, input from end- users, those of repro-
ductive age, is essential.24 In the case of preconception 
and pregnancy guidelines, understanding the awareness, 
opinions, actions and preferences of women towards 
preconception and pregnancy information may assist 
with developing guidelines that can then be tailored to 
an individual’s physical and mental health conditions, 
health behaviours, and social context.21

This study aimed to investigate women’s knowledge, 
attitudes and behaviours surrounding preconception and 
pregnancy health and their preferences for the provision 
of this information.

METHODS
Survey design and participants
A web- based cross- sectional survey was designed to assess 
Australian women’s knowledge, attitudes and behaviours 
related to preconception and pregnancy health (online 
supplemental file 1). The survey took 15–20 mins to 
complete and explored sociodemographic details, 
women’s knowledge, attitudes, behaviours and preference 
for information delivery using open and closed questions. 
The study was undertaken to inform the development of 
a metropolitan local healthcare service for preconception 
health. A bespoke survey was informed and designed by 
conducting a literature review and using preconception 
guidelines, consensus statements11 14 25 and the national 
pregnancy care guidelines (2018)26 used in practice; 
at the time of study design development there were no 
systematic reviews on preconception care available. Ques-
tions were based on recommendations mentioned in 
any of the three available preconception care guidelines 
used in primary healthcare at the time of developing the 
survey. Content validity was assessed in consultation with a 
multidisciplinary health team within Sydney Local Health 
District (SLHD), this consisted of expertise across obstet-
rics, midwifery, neonatology, public health, dietetics and 
endocrinology. Face validity was established by piloting 
the survey with women of reproductive age within the 
SLHD and seeking feedback about comprehension and 
formatting.

The survey was open from June 2017 to February 2018 
and Australian women and men of reproductive age, 
over 18 years, were invited to participate, with no exclu-
sion depending on pregnancy status. Participants were 
excluded if they did not have access to a digital device 
to complete the survey or if they were unable to read 
English. No prespecified target sample size was available 
for this population, therefore, we used non- probability 
sampling with the intention to collect data to inform the 
development of local care pathways. To reduce sampling 
bias, invitations were distributed through multiple local 
health area social media platforms (eg, Inner West Mums, 
Sydney Local Health District Facebook, and Twitter) 
and relevant local websites (eg, Little Wonder, Central, 

P
rotected by copyright.

 on M
arch 26, 2023 at U

niversity of T
echnology S

ydney.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065055 on 3 January 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2022-065055
https://dx.doi.org/10.1136/bmjopen-2022-065055
http://bmjopen.bmj.com/


3Musgrave L, et al. BMJ Open 2023;13:e065055. doi:10.1136/bmjopen-2022-065055

Open access

and Eastern Sydney Primary Health Network, Sydney 
University). There was additional distribution through 
professional national networks (known to the authors) 
including the Perinatal Society of Australia and New 
Zealand, the Centre of Research Excellence in Stillbirth 
(Stillbirth CRE) and the Australian College of Neonatal 
Nurses. The survey was conducted online, administered 
anonymously and participation was voluntary. The first 
page of the survey contained a participant informa-
tion explaining the purpose of the study and defined/
explained terminology such as ‘preconception’ in non- 
medical language. This page also informed participants 
that by completing and submitting the survey they were 
giving consent to participant, this was approved by the 
Ethics Review Committee (RPAH Zone) of the SLHD 
(ref: X15- 0325).

Sociodemographic information collected was based 
on the Australian Bureau of Statistics27 data collection 
tool and included age, education, employment status 
and income. Questions related to health and well- being, 
medical conditions, current medications, BMI and preg-
nancy status. Validated tools were used to collect data 
related to self- esteem (Rosenberg’s self- esteem scale) 
and social support (Multidimensional Scale of Perceived 
Social Support)28 29 to assess how this may have affected 
knowledge and behaviours.

The survey was divided into four sections: (1) knowledge 
about preconception and pregnancy health, (2) attitudes 
towards preconception and pregnancy health (including 
pregnancy planning), (3) behaviour changes before preg-
nancy and (4) preferences for the provision and sources 
of information. Knowledge questions related to seeing a 
healthcare professional, diet, supplementation, healthy 
lifestyle habits and the impact of maternal weight before 
or during pregnancy on outcomes for mother and baby. 
The outcomes measured were informed by the Lancet 
preconception series3 and the Australian pregnancy care 
guidelines.26 Women with a BMI of >25 kg/m2 received 
additional questions about attitudes towards weight loss 
programmes before pregnancy, such as, whether they 
would join a programme, preferred programme type and 
duration.

Attitudes towards seeing a healthcare provider and 
preferences for healthcare access (who and when) were 
assessed for those women planning pregnancy. Questions 
were asked about health behaviour actions that were 
taken and the ease of making these changes. Information 
was collected on how, who and what resources women 
used and their preferences for the delivery of preconcep-
tion and pregnancy healthcare information.

Data collection and analysis
Results were stored using the REDCap research manage-
ment system (REDCap V.8.2.2 Vanderbilt University). 
Descriptive statistics were used to present demographics 
and knowledge information. Women were categorised 
into two BMI groups, <25 kg/m2 or 25 kg/m2 and over. 
Independent proportions were compared using the 

Pearson χ2 test or Fisher’s exact test. Where free text 
data were entered it was analysed and grouped by theme. 
Statistical analysis was performed using IBM SPSS V.24 
(IBM Corp, Armonk, New York, USA).

Patient and public involvement
The study did not involve women receiving maternity 
care. Study findings are being made publicly available to 
participants and the general public through the produc-
tion of open access journal articles. The study web- based 
survey consent form provided contact details for the 
research team if any individual wished to directly request 
publications.

RESULTS
Socio-demographic data
In total, 680 survey responses were received. One hundred 
and twenty- five were excluded: 94 (13%) for discontin-
uing the survey or not answering key knowledge ques-
tions, and 31 (4%) responses from men were excluded as 
only 19 completed the survey. The final analysis included 
553 women and the completion rate was 81%. Partici-
pants had normal (78.8%) to high (16.5%) self- esteem as 
measured by the Rosenberg’s self- esteem scale29 and high 
social support (85%) as measured by the Multidimen-
sional Scale of Perceived Social Support.28 Demographic 
details are shown in table 1.

Knowledge about preconception and pregnancy health
Participants rated the importance of all preconcep-
tion and pregnancy health actions presented. Women 
considered that ensuring good mental health and having 
up- to- date vaccinations were the most important actions 
to take regarding seeing a health professional when 
planning pregnancy (65%) and when pregnant (78%). 
Prior to pregnancy, eating a healthy diet was considered 
the most important action (78%), whereas during preg-
nancy, avoiding alcohol (84%) was thought to be the 
most important. Minimising exposure to toxins and radi-
ation was regarded as most important when planning for 
pregnancy (67%), whereas in pregnancy, the majority of 
women felt that avoiding using illegal drugs was a priority 
(87%). Importance ratings for preconception and preg-
nancy health actions are shown in figures 1 and 2.

Women’s knowledge of the relationship between 
weight for maternal outcomes such as diabetes and 
hypertension in pregnancy was high regardless of BMI 
(74%–75% and 70%–71%, respectively). However, knowl-
edge of outcomes for babies, such as stillbirth (29%–37%; 
p=0.062) and preterm birth(33%–44%; p 0.007), was 
significantly less (online supplemental file 2).

Attitudes towards preconception and pregnancy health
Women who were not pregnant (or those who were 
unsure but trying to conceive) (n=443) were asked how 
long they would wait until they would try to conceive, 
11% were currently trying to conceive and 12% were 
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planning a pregnancy in the next 6–12 months. Of these 
women, 32% had discussed planning for a family with 
their partner and 27% had consulted with a healthcare 
professional about these plans.

Women with a self- reported BMI >25 kg/m2 (n=279) 
were asked if they would consider participating in a 
weight loss programme before pregnancy, and if so, 
what sort of programme and how long for. Almost half 
(48%) responded that they would consider participating 
in a weight loss programme before pregnancy. Of these 
women, 42% preferred an online weight loss and lifestyle 
programme, 29% selected the same program additional 
dietitian support. A total meal replacement programme 
via a weight management service (hospital- supported or 
general practitioner (GP)) was the least preferred option 
(4%). Forty- eight per cent stated they would follow a 
programme for 8–12 weeks, over a third of women would 
prefer to follow a 12- week programme (37%).

Behaviour change before and during pregnancy
Women were asked about lifestyle or health changes 
made in previous pregnancies or in the current preg-
nancy. Before pregnancy, 68% of women had taken two 
or more actions to improve their health, 14% had taken 
one action and 18% had taken no actions. Actions taken 
included folic acid supplementation and reducing, or 
eliminating alcohol consumption. Most women thought 
that making healthy changes before pregnancy was ‘very 
important’ or ‘important’ (94%) and most found making 
these health changes ‘very easy’ or ‘easy’(69%).

Table 1 Sociodemographic data from the completed 
responses

Characteristics n (%)

Age in years (n=553)

 Under 20 5 (0.9)

 20–24 30 (5.4)

 25–29 72 (13.0)

 30–34 199 (36.0)

 35–39 119 (21.5)

 40–44 78 (14.1)

 45+ 50 (9.0)

Born in Australia (n=553)

 Yes 421 (76.1)

 No 132 (23.9)

Language other than English at home (n=553)

 Yes 65 (11.8)

 No 488 (88.2)

Education (n=553)

 Secondary education completion 32 (5.8)

 Certificate, diploma or advanced diploma 76 (13.8)

 Bachelor degree 207 (37.4)

 Graduate diploma or postgraduate degree 238 (43.0)

Current employment status (n=553)

 Paid employment 442 (79.9)

 Unpaid employment 21 (3.8)

 Unemployed 48 (8.7)

 Studying 42 (7.6)

Household income (n=553)

 AUS$2000 or more per week (AUS$104 000 or 
more per year)

167 (30.2)

 AUS$1000–US$1999 per week (AUS$52 000–
AUS$103 999 per year)

247 (44.7)

 AUS$1–US$999 per week (AUS$1–AUS$51 999 
per year)

123 (22.3)

 Nil income 8 (1.4)

 Not stated 8 (1.4)

Chronic medical condition (could select more 
than one) (n=553)

 No 394 (71.2)

 Yes* 159 (28.8)

Prescription medication other than the 
contraceptive pill (n=553)

 No 412 (74.5)

 Yes 141 (25.5)

BMI (n=553)

 <25 kg/m2 274 (49.5)

 >25 kg/m2 279 (50.5)

Current pregnancy status (n=553)

 No 424 (76.7)

 Yes 110 (19.9)

 Unsure but possibly pregnant 19 (3.4)

Continued

Characteristics n (%)

Previous pregnancy status (n=553)

 Never pregnant (nulliparous) 153 (27.7)

 Previously pregnant (parous) 308 (55.7)

 Unknown status 92 (16.6)

Self- esteem (Rosenberg’s self- esteem scale score 
0–30) (n=553)

 Low self- esteem (0–14) 26 (4.7)

 Normal range (15- 25) 436 (78.8)

 High self- esteem (26 - 30) 91 (16.5)

Social support (Multidimensional Scale of 
Perceived Social Support score 1–7) (n=553)

 Low support (1–2.9) 0 (0)

 Moderate support (3- 5) 42 (7.6)

 High support (5.1–7) 470 (85)

 Not completed 41 (7.4)

*Participants could select more than one condition (conditions
included: mental health, diabetes, high blood pressure, high
cholesterol, obesity, thyroid disorder, inflammatory bowel disease,
kidney disease, congenital heart disorder, genetic or inherited
condition).
BMI, body mass index.

Table 1 Continued
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Preferences for provision of information used and preferred
Women access a variety of information, the ways they 
do this differ according to pregnancy status (table 2), 
however, they preferred to get preconception and preg-
nancy advice from healthcare practitioners (69% and 
76%, respectively). In terms of women’s request for new 
resources, a checklist was identified as the most useful 
both preconception and in pregnancy (23%).

DISCUSSION
Results from our web- based survey revealed that women 
of reproductive age seek information about preconcep-
tion and pregnancy health from several different sources, 
however prefer to get this information from healthcare 
professionals. Women’s knowledge about actions related 
to preconception and pregnancy testing and dietary 
recommendations was generally good, however, knowl-
edge was limited about lifestyle recommendations and 
the impact of weight on preconception and pregnancy 
outcomes.

Half of the women who responded to our survey had 
a BMI >25 kg/m2. Our findings suggest that for women 
with higher BMI there is less knowledge about significant, 
but less common, outcomes associated with high BMI like 

stillbirth and preterm birth. Our findings support the 
work of Cha et al,30 Shube et al31 and Cheney et al,32 that 
show that women may be unaware of the risks related to 
being overweight or obese before or during pregnancy. 
Our study adds to evidence that supports preconcep-
tion counselling for all women of reproductive age and 
particularly for women with high BMI. Our study also 
confirms previous research that suggests that women are 
receptive to using technology to access health informa-
tion, however, consulting with a healthcare professional is 
preferred over other sources.33 34

Public healthcare messaging using technology that is 
driven by healthcare professionals may promote posi-
tive lifestyle behaviour changes, such as weight manage-
ment.35 Using technologies such as social media and 
health apps that target those in their reproductive years 
may be one way to increase awareness of preconception 
health and encourage conversations with those who 
provide preconception counselling.36 In Australia there 
are limited comprehensive preconception care services 
that are hospital based, therefore primary healthcare, 
including preconception care, is delivered by GPs. A 
study by Kizirian et al22 found that 50% of GPs were aware 
of current preconception care guidelines and most do 

Figure 1 Rating of importance of preconception advice. Women rated statements as either ‘Important to me’, ‘Somewhat 
important to me’, ‘Not important to me’ or ‘Not relevant to me’ (n=443). GP, general practitioner. STI, sexually transmitted 
infection.
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not recognise overweight to be a significant preconcep-
tion issue. This study identified that the most common 
barriers to preconception care delivery by GPs were time 
constraints, lack of knowledge and lack of resources for 
patients.22 To address these barriers and raise public 
awareness about preconception health, primary health-
care education for healthcare professionals should be 
embedded in all healthcare curricula and offered as a 
clinical experience so that healthcare professionals have 
the skills and knowledge to provide healthy lifestyle inter-
ventions to all people across their reproductive years.37 
Furthermore, by valuing and upskilling all healthcare 
professionals knowledge and education of preconception 
evidence- based care, this potentially will support them 
to initiate opportunistic conversations about reproduc-
tive health.38 However, high- quality primary healthcare 
preconception counselling alone will not change an 
individual’s behaviour; psychosocial factors such as self- 
esteem and the wider sociopolitical context such as social 
support are also important in positive behaviour change.39 
Our findings suggest that web- based resources are accept-
able to women of reproductive age. Using this technology 
could be used to address barriers to care delivery such 
as GP time constraints and provision of evidence- based 
resources.

Our study has several strengths, it was developed using 
scales, validated tools and open text fields were used so 

that we could explore other actions related to seeking 
information and care. Furthermore, questions were based 
on the most used and recent Australian preconception 
and pregnancy guidelines and the evidence about the 
impact of weight on maternal and neonatal outcomes. 
The survey was reviewed and tested by healthcare profes-
sionals and women living within the health district and 
distributed online using known networks.

Our study was designed to inform care pathways and 
planning for women attending maternity and reproduc-
tive services in a metropolitan local health district in 
Sydney, New South Wales, this design has presented some 
limitations and impacted on generalisability of findings. 
Using an online sample creates a greater potential for 
sampling and selection bias. Our intention was to reach 
a diverse number of participant’s; however, this method 
can also be problematic as participants may share the 
survey only with other like- minded individuals who may 
have shared characteristics, this may lead to selection 
bias. A further limitation was that the responses were 
self- reported, and so potentially participants may have 
accessed materials to inform their responses, particularly 
since the survey was conducted online with easy access 
to resources. Ideally outsourcing the distribution of the 
survey to a polling company may have reduced sampling 
and selection bias, however, we did not have funding to 
support this. Our questionnaire also named potential 

Figure 2 Rating of importance of pregnancy advice. Women rated statements as either ‘Important to me’, ‘Somewhat 
important to me’, ‘Not important to me’ or ‘Not relevant to me’ (n=110). GP, General practitioner. HCP, Health care practitioner.
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risk factors and this potentially impacted our findings of 
knowledge as the mention of these may have prompted 
participants’ responses.

Most participants were born in Australia (76%), 
well educated, high- income earners and have high 
social support and self- esteem, therefore our results 
do not necessarily reflect the knowledge, attitudes and 
behaviours of culturally and linguistically diverse commu-
nities, marginalised women or those who are most at risk 
of poor pregnancy outcomes.39–41 However, our findings 
are interesting as they represent women who might be 
expected to have excellent understanding yet still had 
knowledge gaps. This highlights the need to develop 
interventions for all women of reproductive age and not 
just target those women perceived to be more at risk.

At the time the survey was developed and conducted 
there were few preconception guidelines, this is still the 
case today.21 42 A further potential limitation is that the 
survey was conducted in 2017–2018, therefore, it reflects 
women’s preferences for healthcare delivery before the 
COVID- 19 pandemic. Since the pandemic, maternity 
health services have had to adapt and change to use tech-
nology. Bradfield et al found that a higher than expected 
proportion of women were satisfied with the quality of care 
they received during the COVID- 19 pandemic, despite 
less access to healthcare professionals and this may reflect 
better access through online or telehealth services.43 
Although women may prefer to receive information from 

healthcare professionals, how this information is deliv-
ered depends on the resources available at the time, using 
technology appears to be acceptable to women.

Our results highlight several research gaps and oppor-
tunities to improve preconception and pregnancy health. 
Women want to receive health information from health-
care professionals both preconception and in pregnancy 
(n=238, 21% and n=78, 23%, respective), however, they are 
also sourcing information from the internet and mobile 
phones (preconception n=133, 12%, and pregnancy 
n=79, 24%). Further research is need to explore how 
web- based interventions can be used to support precon-
ception and pregnancy healthcare and reach those who 
may not even be planning pregnancy yet. Ideally these 
interventions should be codesigned by healthcare profes-
sionals and end- users as this would increase uptake and 
improve acceptability. Due to the success of mobile health 
during the COVID- 19 pandemic, further uses should be 
explored, including how applications can be tailored 
to meet the needs of women from culturally diverse 
backgrounds. Research in this area is limited, however, 
given the impact that evidence- based preconception and 
pregnancy care can have on outcomes, exploring how 
to deliver this in a large randomised controlled trial is 
warranted. Until high- quality evidence is available it 
is unlikely that interventions, such as mobile phone 
apps, will be accepted as an adjunct to care by health-
care professionals. Furthermore, the development of a 
national guideline on preconception health is needed to 
develop these interventions, and also assist particularly 
GPs to do this primary healthcare work. Finally, there are 
many opportunities to delivery reproductive health across 
the lifespan, such as school education and health checks, 
these opportunities need to be explored further so that 
appropriate training can take place for those in a position 
to deliver it and appropriate resources developed for the 
target cohort.

Conclusion
Most women of reproductive age in Australia have knowl-
edge of the key health recommendations for preconcep-
tion and pregnancy. However, there are gaps related to 
lifestyle behaviours particularly connected to weight gain 
and outcomes for babies. There is a strong preference to 
receive trusted information from healthcare providers 
through multiple resources; it is important for these 
resources to be co- designed with clinicians and women.
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Table 2 Source of preconception and pregnancy 
information

Source of 
information or 
resource

Used, n (%)

Preconception, n=553
Pregnancy, 
n=110

TV programme 110 (10) 4 (1)

Radio 33 (3) 0 (0)

Newspaper 39 (3) 2 (1)

Magazine 99 (9) 16 (5)

Mobile phone app 29 (3) 49 (15)

Social media or 
online support

113 (10) 30 (9)

Blog 31 (3) 9 (3)

Internet 133 (12) 79 (24)

Email 14 (1) 8 (2)

Healthcare provider 238 (21) 78 (23)

Family and/or 
friends

170 (15) 54 (16)

Nothing 114 (10) 3 (1)

Table 2 represents the frequency of each option. All women 
(n=553) were asked to respond to the preconception questions 
regardless of pregnancy status. Pregnancy questions were only 
answered by those currently pregnant (n=110). The percentage 
(%) is based on the number of total selections made, women 
were asked to select nil or any/all that applied, therefore the 
percentages add to over 100%.
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CHAPTER 5: Understanding Australian women’s 

needs and preferences for pregnancy 

information: a qualitative descriptive study 

5.1 Chapter aim 

Chapter 5 used a qualitative exploratory methodology to gain a deeper understanding 

of how women who receive maternity care within the NSW health system prefer to 

access information and what are the barriers and facilitators to do so. As discussed in 

Chapter 4, accessing technology plays a large role in health-seeking behaviours, 

which was evident from our literature review. This chapter aimed to understand the 

barriers and facilitators for women accessing pregnancy information to create 

knowledge that could be used to inform pregnancy services and information provision. 

5.2 Publication details 

Under review 

Musgrave, L.M., Sheehy, A., Homer, C.S.E. & Gordon, A., ‘Understanding Australian 

women’s needs and preferences for pregnancy information: a qualitative descriptive 

study’, Reproductive, Female and Child Health. 

5.3 Author contribution 

LMM was responsible for the ethics application, design, conducting the research, 

thematic analysis, and writing of the manuscript. All authors read and approved the 

final manuscript. 
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5.4.1 Abstract 

Background: 

Insight into the way’s women access information in pregnancy allows healthcare 

providers to incorporate these sources of communication into maternity care to help 

women obtain relevant and valuable information. Mobile phone apps could be one 

intervention to improve engagement with healthcare services and enhance the delivery 

of evidence-based knowledge about pregnancy-related healthcare needs. 

Objective:  

To explore how women in Australia access pregnancy-related information and identify 

any barriers to, and facilitators for, providing pregnancy information. 

Research design and participants: 

A qualitative descriptive/exploratory study was conducted using data from four focus 

groups. Recruitment occurred at a large metropolitan hospital in Sydney, Australia. 

Participants were approached in the antenatal clinics by midwifery staff. A research 

midwife discussed the study with eligible women, provided an information sheet, and 

obtained written informed consent before the focus groups were undertaken. 

Findings: 

Participants reported common usage of web-based search engines and mobile phone 

apps to seek pregnancy information. Four themes were identified: (1) Seeking 

reassurance about pregnancy and baby wellbeing; (2) Sourcing information; (3) 

Barriers to receiving health information; and (4) Using technology to access 

information. Improvements for promoting the development and utilization of these tools 



84 

were also recommended. 

Key conclusions and implications for practice: 

Women use various technological resources, including mobile apps, to receive 

pregnancy-related information. Apps were at times used in place of seeking 

professional advice. To harness the potential benefits of this technology in maternity 

care, we recommend that healthcare providers engage women in the development of 

app resources via a co-production process. Women’s understanding of the value of 

using technology in maternity care and suggestions about making it acceptable to 

women’s needs is crucial for effective maternity care in Australia. 

Keywords: Mobile phone apps, Pregnancy apps, mHealth app, Maternity care, 

Perinatal care, Pregnancy education. 

5.4.2 Introduction 

Determining women's pregnancy-related health information needs is necessary for 

providing high-quality pregnancy information. Insight into the way’s women access 

information during pregnancy allows healthcare providers to potentially incorporate 

these avenues and sources of communication into maternity care to assist women in 

obtaining relevant and valuable information. Access to accurate health information in 

pregnancy is critical for all women and their babies, even more so for women with 

additional barriers to maternity care. In Australia, despite universal public funding for 

pregnancy care and targeted antenatal programs, health inequalities still exist for 

women of childbearing age [1]. Efforts to improve the health and outcomes of all 

pregnant women must identify and address healthcare inequities. 

App usage on smartphones has merged into many aspects of modern life. Smartphone 

ownership and use have exponentially grown across all demographic and 

socioeconomic groups in Australia. In 2019, almost all Australians aged 18 and older 

owned a smartphone, with many under 18 also owning these devices [2]. Although not 

ubiquitously used by maternity care providers in clinical care, app-based healthcare is 

gaining traction across many healthcare disciplines [3]. Mobile devices and apps can 

be supplementary communication channels between maternity service providers and 

women [4, 5]. Pregnant women often use apps and the internet to search for 

information about pregnancy, fetal development, and childbirth to ease doubts and 

anxiety and help guide women in decision-making [4, 6, 7].  
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Although this technology is widely accepted [8-10], not all information found on apps 

and the internet is reliable or current, which means women may not read high-quality 

or correct information [11, 12]. Another issue with indiscriminate internet searching is 

that health information can be complex or confusing. Consequently, pregnancy-related 

decisions may be made based on misinterpreted information [13]. Despite the potential 

hazards of seeking input from these technologies, digital health information also can 

be beneficial to women, especially if the information source is evidence-based and 

developed to provide credible, accurate, and targeted information [4, 7, 14]. Unlike 

traditional means of accessing pregnancy-related information such as antenatal 

appointments or telephone calls, mobile phone apps enable convenience without 

travelling or inefficient telephone access to healthcare providers. Ease of access is 

essential for individuals who experience barriers that prohibit accessibility [3, 6]. 

Although not recommended to be a substitute for face-to-face maternity care, using 

smartphones to provide pregnancy-related information may work as an adjunct to 

circumvent obstacles to access. These new technologies may also promote women’s 

engagement with healthcare services. 

Previous findings from a survey conducted showed that women use mHealth to search 

for information about pregnancy. In this study we aimed to explore the ‘why’ and ‘how’ 

women use mHealth and the views and perceptions of the acceptability of smartphone 

apps as a means of information provision. Finding out what women think about the 

integration of a smartphone app in maternity care is essential to guide decisions in 

healthcare institutions about adopting technology that could be productive to 

complement standard maternity care channels that women use to access healthcare 

information.  

5.4.3 Methods 

5.4.3.1 Study Type 

A descriptive qualitative study was undertaken using focus groups for data collection.  

5.4.3.2 Setting 

The study was conducted in a metropolitan public hospital in Sydney, Australia. The 

hospital offers several specialist clinics as a part of its antenatal care services. In 2017, 

5,148 babies were born in this hospital, more than 8 per cent of all births in New South 

Wales [15].  
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5.4.3.3 Participants and recruitment 

Women attending the antenatal midwifery clinic at the hospital were invited to 

participate in the study. They were eligible for the study if they were 16 years or older, 

currently pregnant with a gestational age of 20 weeks or above, and could understand 

and speak English. Recruitment was undertaken through various approaches, 

including displaying study information and research midwife contact details on posters 

and direct contact with midwives working in the antenatal clinics. Women who attended 

midwifery-led and high-risk specialty clinics for their antenatal care were approached 

to participate. Recruitment took place at two points; 1) between November 2017 to 

January 2018, and 2) from July to September 2019, due to the unexpected illness of 

the leading research midwife.  

5.4.3.4 Ethics 

The study was approved by the Local Health District Human Research Ethics 

Committee, which governs the hospital (protocol number X16-375; 

HREC/16/RPAH/519). Participation was voluntary, and women knew that study 

participation required one hour of their time. Women were provided with a light 

refreshment and a gift card as an incentive to participate.  

5.4.3.5 Data collection 

Qualitative data were collected during the two time periods via focus group 

discussions, four in total, facilitated by the lead author, a research midwife not known 

to the women or providing midwifery care within the setting. Focus groups were used 

rather than interviews, as the aim was to explore and understand, rather than to gain 

in-depth single perspectives. Each woman participated in one focus group only. Group 

sizes ranged from two to four participants and attendance of each participant was 

dependant on which focus group time was suitable. The focus groups generated 

qualitative data on how women access pregnancy information as the barriers and 

facilitators related to these information sources. A question list was designed to guide 

the discussion of women’s views and perceptions of the acceptability of the potential 

use of smartphone apps as a means of information provision. This also ensured the 

congruity required to compare experiences within the phenomenon under study 

between the four sessions. All focus group discussions were digitally recorded and 

transcribed verbatim with consent. Transcriptions were de-identified, anonymous, and 

confidential. Cessation of focus groups occurred when data saturation was reached 

and no new themes were identified [16]. 
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5.4.3.6 Data analysis 

Data analysis was a systematic and repetitive process to encourage immersion in the 

data and intuitive insight to understand the meaning. We used an inductive approach 

to analyse the data, adopting Braum and Clarke’s thermatic analysis method  [16, 17]. 

Each of the four datasets was independently read by the first and second authors to 

identify, interpret, and cluster related patterns in each of the transcripts used for 

preliminary manual coding. Annotation of interpretive notes beside the text aided initial 

coding [18] and a coding list was used to make conjectures and link data observations 

[19].  A cyclical process of reading the four transcripts individually then led to re-reading 

and familiarisation with all four transcripts as a unified dataset. Concepts embedded 

within the data were preliminarily coded when patterns about participant observations 

and experiences were established firstly within one transcription, then across the 

whole data set. Collaboration between the two researchers involved in data analysis 

allowed for the assignment of code to further re-read data to identify recurrent themes 

[20, 21]. Themes were generated through collating, revised, and retitled through 

discussions between the first and second authors. After meeting and deliberation 

about emergent themes and subthemes, and with the assistance of a third researcher, 

the articles and subthemes were agreed upon and finalized. Thematic names were 

selected in joint consideration of research aims and findings to ensure fidelity of the 

themes to the essence of the data. 

5.4.4 Results 

Eleven women attended four focus groups; data saturation was achieved with this 

sample size. The sample reflected a gestational age ranging from 22-39 weeks, 

representing the setting. Findings emerged as four themes, each comprising of 

subthemes. Table 1 displays these along with the summarised content of the 

subtheme.  
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Table 1 Themes, subthemes, and subtheme content 

Theme Subtheme Content of subtheme 

1. Seeking reassurance about
pregnancy and baby wellbeing

a) Addressing health and wellbeing concerns Pregnancy conditions 

Postnatal questions and baby concerns 

b) Establishing normalcy Comparison of self to information 

2. Sourcing information a) Seeking family knowledge Mothers and kin 

b) Seeking clinical reassurance Contacting health care clinicians 

c) Using technology and books Internet search engines 

Books as a resource 

Mobile phone applications 

3. Barriers to receiving health
information

a) Accessing health information Technical complexity 

Health and computer literacy 

Cultural considerations 

Family matters 

Cultural incompetence 

Financial constraints 

Lack of cohesion 

Inconsistent advice 
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Absence of clinician continuity 

b) Managing personal wellbeing Anxiety 

Social isolation 

4. Using technology to access
information

a) Benefits of using technology Ease of access 

Round-the-clock 

Anonymity 

Sharing information 

b) Potential benefits of using technology Functionality to enhance access 

Cultural competence 

Evidence-based 
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5.4.4.1 Theme 1: Seeking reassurance about pregnancy and baby wellbeing 

There were two subthemes further categorizing the grounds for why women sought 

reassurance: health and wellbeing concerns, and establishing normalcy. Although this 

study explored participant views on smartphone apps as digital resources, this theme 

represented the general desire for information.  

Subtheme: Addressing health and wellbeing concerns 

Nine motivations were related to health conditions, pregnancy complications, and 

perinatal outcomes for women and babies. Differentiating between physical symptoms 

that are normal in pregnancy from those that were not was a cause for seeking 

information.  

Seeking information to gain an understanding about pregnancy complications, such as 

gestational diabetes, preterm labour, or caesarean section, were mentioned by several 

women. This kind of information was to gain reassurance that these were not currently 

happening to them, regain confidence in their bodies after encountering these terms 

in antenatal appointments, or learn about other women's conditions. This can be seen 

in these quotes: 

What are the chances of a premmie baby living? (Focus group 1, primigravida) 

and 

Caesarean birth because this is the fifth caesarean that I’m having. (Focus 

group 1, multigravida) 

Women used ‘Google’ to find information about the frequency and sensation of fetal 

movements, for example:  

Maybe you're supposed to feel kicks earlier, but you didn’t feel them until later 

on and then you Google it and like, your doctor tells you something like that, 

I'm too big. Like, not too big but you’ve gotten bigger, your body changes, you're 

having another baby, you're going to feel differently with the effects of kicks. 

(Focus group 2, multigravida) 

Participants had different information needs during pregnancy, birth, and the postnatal 

period. In pregnancy, concerns extended beyond the antenatal period to their baby 
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with queries about prematurity and low birth weight. Postnatal and parenting topics 

were also common topics of interest, with participants citing whooping cough, 

breastfeeding, contraception, and postnatal depression as common subjects. Rather 

than contacting their maternity care providers for information and advice, two women 

had sought information online at night:  

I look for information on whooping cough because I’ve seen a little girl on TV 

the other night, that little baby. (Focus group 1, multigravida) 

and 

I lie in bed at night or in the morning and watch these little videos. You don’t 

watch them when you're out and about during the day. (Focus group 3, 

multigravida) 

Subtheme: Establishing normalcy 

Comparing oneself to others created a predominant thread throughout the discussions 

about primary motivations for obtaining pregnancy-related information. Women spoke 

about accessing the internet and technology to establish if their pregnancy was 

‘normal’ and reassure themselves; this seeking of comfort is evident in this quote:  

I guess, what’s going on like, week to week, what’s happening with the baby 

knowing that, at this point, I don’t know, hands and feet swelling, is that normal? 

Checking that out, feeling the baby, and whatever else. (Focus group 4, 

primigravida) 

This participant sought out information to establish normalcy of her current pregnancy 

because comparing herself to her previous pregnancy elicited some concerns: 

I ‘Googled’ the other day how many movements at 25 weeks because I’m big 

and fatter, like, that isn’t as hard movements as it was with the other kids. 

(Focus group 2, multigravida) 

Sharing their understanding of this normalcy with friends and family reassured women 

of a normal pregnancy development of their baby: 

And my kids have asked me a lot of questions and I go online and I show them 

the little videos about a baby’s growth and what the baby is—because they go, 

“What’s it doing in there, mum?” (Focus group 1, multigravida) 
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Discussing the findings of their fetus also served to teach their other children about 

their future sibling: 

It’s got little hair now and how big it would be, and I show the kids the little video 

of what he or she would be doing in there kicking around. And it shows how 

many weeks you are and it follows right up to like, how big they are. (Focus 

group 1, multigravida) 

5.4.4.2 Theme 2: Sourcing information 

Women identified several different ways they obtained information about pregnancy, 

and these formed the second theme. The participants listed multiple sources of 

information and different ways to access this information. These included seeking 

knowledge from family, healthcare providers, technology, and books.  

Subtheme: Seeking family knowledge 

Reaching out to family members to find out pregnancy information was raised by 

participants. Seeking advice from parents and elders in their community was valued 

and preferred to the information they received from a doctor: 

Or ask my grandmother. Like, old people know. I’ll listen to her before a doctor. 

(Focus group 2, multigravida) 

The motivation these participants provided for seeking information from family 

members was their awareness and sensitivity to the family structure and culture. One 

example of this connection with culture is the ‘yarning circle’ which has been used by 

Indigenous peoples globally for centuries to learn from a collective group, build 

respectful relationships, and to preserve and pass on cultural knowledge:  

I know it’s culture appropriate for me to ask my elders, my mum, or my nan … 

that’s how we do our yarning circle. (Focus group 1, multigravida) 

Using the healthcare knowledge of family was another approach to engaging with 

mothers and family to find out pregnancy-related information. This participant stated: 

So we’ll go and I will say, well, I don’t know, ask your nan how she used to do 

it with me or ask Aunty, she worked around hospitals, she’ll know something or 

someone. (Focus group 2, multigravida) 
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Not having access with family was also significant, with this woman stating that lack of 

this support was the grounds for using the internet for seeking information: 

I Google because our elders are not always around, are they, to ask. (Focus 

group 1, multigravida) 

Subtheme: Seeking clinical reassurance 

Traditional health information-seeking behaviour was also evident amongst the 

participants, with their rationale being their need to access relevant and accurate 

health knowledge. Women discussed acquiring information from healthcare providers 

to manage uncertainty or concerns about their pregnancy, as explained by this 

participant: 

If I was a little bit stressed about things. Like, I had some pains, so I called the 

highlighted number on the yellow card and spoke to one of the midwives and 

everything was really fine. (Focus group 3, primigravida) 

Several women stated that they would only contact a healthcare provider if they could 

not get the information any other way, with this woman commenting that:  

If I don’t know the answer or anything like that, on the internet or whatever, find 

out from people, ask questions to my midwife. (Focus group 4, primigravida) 

Accessing information from healthcare providers was often the last option, used only 

if the required information could not be obtained via an alternative route and there was 

an associated need for accuracy or urgency, with this participant stating: 

I feel as if it’s the last resort, like, if something is wrong, I’ll call them. I don’t 

want to—it’s almost like I don’t want to bother them with a stupid question if 

that makes sense. (Focus group 3, multigravida) 

Another participant stated: 

I think there are a lot of women who need a bit of encouragement online before 

they take that next step to go and ring the midwife. (Focus group 4, 

multigravida) 
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Subtheme: Using technology and books  

All participants spoke of using the internet to search for this information. The internet 

was the source used when accessing fetal development videos online to share with 

their partner or children. Women felt that this engaging and accessible form of 

technology helped encourage their families to participate in the pregnancy. One 

woman mentioned apps possessing discussion forums and social media functionality: 

It [app name] tells you stuff that’s normal—the good thing about the [app name] 

is that it’s got a community thing where you can post questions. (Focus group 

2, multigravida) 

However, having conversations with other pregnant women via apps were not highly 

regarded by all due to concerns about the accuracy of the information inherent in 

community discussions: 

I have been using [app name] and I really don’t like the forums, I feel like they’re 

not moderated enough. And they’d benefit from—I think there needs to be more 

midwives and obstetricians. (Focus group 2, multigravida) 

and 

I do worry about the legitimacy of some of the advice [in forums]. (Focus group 

4, multigravida) 

Due to the plethora of digital information currently available to everyone with internet 

access, the traditional source of information, books, and brochures were less popular 

amongst the focus groups; however, two women used books as information resources 

during their pregnancy. One stated that she had visited a library to obtain information 

about pregnancy and had also used the functionality of her phone to print out 

information from e-Books she had downloaded from the library (Focus group 4, 

primigravida). The other woman who used books was emphatic about her reason for 

doing so, stating that she “still like books” (Focus group 4, multigravida). 

5.4.4.3 Theme 3: Barriers to receiving health information 

All participants, to some degree, encountered barriers that hindered their access to the 

required knowledge, with the obstacles being presented as a combination of many 

circumstances. The participants perceived individual, structural, and 

institutional factors prevented them from accessing health information in pregnancy. 
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Participants considered if these barriers were removed, the quality of their maternity 

care experience would be enhanced. Two sub-themes emerged to conceptualize the 

specific barriers to accessing pregnancy information.  

Subtheme: Accessing health information 

Participants spoke about challenges when accessing maternity services, either 

stemming from their situation or how their care was structured and provided. The 

complex structure of the Australian maternity system and the difficulties associated 

when navigating these maternity services contributed to participants feeling like they 

could not always access information when they needed to. Participants did not 

necessarily know who to contact to have their questions answered, and they did not 

know how to make contact: 

So I used the [app name] for and then also I guess, probably do a bit of the 

Google search and then call up the, what is it, 1-300-SICK. But there’s also 

another number that we did call around the same time, I think it was to midwives 

or nurses who suggest whether you should call an ambulance or not. (Focus 

group 2, multigravida) 

This participant used an app as they were reluctant to ask their healthcare provider for 

fear of being judged. Negative experiences after disclosing personal information to 

maternity services were then a cause for lack of engagement and trust in their 

healthcare providers: 

You’re being honest with somebody and then it all falls on you. You’re being 

honest and you’re telling them of your own mistakes. (Focus group 1, 

multigravida) 

Technical complexity was considered as one impediment to obtaining information. This 

referred to understanding how to negotiate the required technologies, such as being 

competent with the internet or apps and comprehending the terminology of the 

provided information. One participant had trouble understanding the information that 

she received in a pregnancy appointment due to the language and vocabulary used in 

the supplied brochure, as evident in this statement:  

They used big words and stuff. Like, sometimes I read it and I don’t know what 

they’re talking about. (Focus group 1, primigravida) 
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Another issue for this participant related to money was hidden costs in downloading 

information:  

They tell you it’s free and then when you download it you’ve got to pay. (Focus 

group 1, multigravida) 

Participants commonly cited the lack of cohesion across maternity services as a barrier 

to knowing how to access health information and understanding the provided 

information. Fragmented staffing and an absence of clinician continuity of care resulted 

in conflicting advice provided to women and their families. One woman with a complex 

pregnancy who was receiving care from several different professionals felt that:  

A lot of questions that you ask, a lot is different. There are a lot of different 

answers for a lot of them. Not all of them are the same. Like, I had to Google 

something for my midwife the other day and I got a different answer when I 

went into my meeting with them. Like, you know, I thought it was what I read 

off the internet and then when I went in there it was completely different from 

what I was thinking it was. (Focus group 2, multigravida) 

One woman, pregnant with her ninth baby, felt disregarded by health care 

professionals and did not get the care she expected during her pregnancy: 

All doctors are different and midwives, like, they tell you different things. (Focus 

group 4, multigravida) 

This participant felt that she could not ask questions or seek advice because of time 

restraints from rushed appointments and stressed midwives: 

And I will say, “I told you that last week, the last visit. You need to look it up. It’s 

not for me to keep repeating myself”, and I’ve got to go. (Focus group 4, 

primigravida) 

One woman felt disregarded by her healthcare professionals and was unable to ask 

questions because it was assumed that she would have no queries due to her previous 

pregnancies: 

I think with baby nine, they seem to think that I know everything, and I don’t 

sometimes. (Focus group 1, multigravida) 
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A lack of continuity of care also contributed to perceived privacy violations, whereby 

women did not want to retell their stories at every appointment. The perceived invasion 

of privacy inhibited conversation and information seeking:   

Because it’s invasive too. You’re having to tell the same story every fortnight 

coming in. (Focus group 2, multigravida) 

Subtheme: Managing personal wellbeing 

Certain psychosocial factors associated with vulnerabilities women face also hindered 

women’s access to health information during pregnancy. Women spoke about feeling 

anxious or judged by healthcare providers, which led to a reluctance to seek advice 

that would then disclose personal information. One woman spoke of using the internet 

to seek information when her anxiety inhibited her from going to an antenatal 

appointment: 

I’m not going to go to my appointments; I’ll, I’ll just stay at home and Google it. 

(Focus group 1, multigravida) 

Anxiety related to health service engagement was isolating for specific participants, 

especially if they did not have friends or family to seek advice from. The anxiety and 

incomplete engagement with staff stemmed from fears that being truthful could impact 

their care and instigate child welfare services, with one woman saying:  

And I think, what if they ring DOCS [Department of Community Services/child 

protection authorities] on me or something, you don’t know. (Focus group 2, 

multigravida) 

5.4.4.4 Theme 4: Using technology to access information  

The final theme arose from the benefits, actual or potential, that participants spoke of 

about using online and app-based technologies to access pregnancy-related health 

information. Most of the participants reported turning to these technologies when 

seeking information, despite some barriers to online technology. Participants 

considered the quality of online technologies beneficial, especially when seeking 

information to allay concerns or information about health-related content such as 

pregnancy complications. It was believed that there was plenty of room for 

improvement with these technologies, and women were supportive of co-creating 

content so that it met their needs. The participants suggested many ideas as to how 
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technology could better meet the needs of pregnant women as a group and 

individually.  

Subtheme: Benefits of using technology 

A frequently mentioned benefit of using technology to gain pregnancy information was 

the overall ease of accessing the information. Women associated numerous 

conveniences with using technology, such as retrieving information when desired 

directly and round-the-clock access to resources.  

This was considered helpful due to wanting information at any time and this being 

contrary to the long intervals between antenatal appointments, with this participant 

saying: 

It gives … at that moment, you don’t have to—if your appointment’s not until 

next week, so you’ll have a look at that beforehand so, okay, this is what I’m 

looking at. (Focus group 3, multigravida) 

and 

Like, when you're sitting on the couch and wondering if you can have ricotta, 

you don’t go up to your room and get the “Having a Baby” book and go to the 

glossary and find cheese. You go to Doctor Google. (Focus group 4, 

primigravida) 

Several women had ideas for their ‘ideal app’ and stated that they would be interested 

in contributing to creating an app that would meet their needs. One woman suggested 

that if she co-create an app, it would have information on different care options and a 

list of topics to cover with the midwife (Focus group 3, primigravida). Another woman 

expressed that she would like to build an app that was 

… Clean and simple with really practical information, you could almost use it 

as a tool with your midwives, it would be incredible. It would just change the 

whole experience for me (Focus group 4, multigravida). 

One participant reported that they pursued online health information because of the 

increased anonymity these sources provided, unlike in healthcare appointments: 

Anonymous, like, you don’t have to say who you are on the app. (Focus group 

4, primigravida) 
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Privacy appealed to women, for instance, when worried about negative consequences 

such as involvement by child protection services after having an open conversation 

with health professionals:  

Anonymous and just write questions that you want to ask because you can’t 

ask the midwife or the doctor, or they’ll report it. (Focus group 1, multigravida) 

Another benefit was sharing information within a community of individuals experiencing 

a similar life stage. This woman said: 

For me, I guess I like the things that people don’t talk about, like a lot of the 

gross stuff and—I don’t know, that breastfeeding isn't that easy, cracked 

nipples, bleeding, you know. Because I found that through the first pregnancy, 

a lot of people kind of avoided that sort of stuff and didn’t talk to you about that. 

(Focus group 3, multigravida) 

Subtheme: Potential benefits of using technology 

Whilst health information technology was perceived to carry numerous benefits, 

participants considered these benefits could be further maximized for childbearing 

women. Participants made suggestions about technology and mobile phone apps for 

the future delivery of pregnancy information. They also strongly supported the idea of 

apps being co-created with them to meet their needs. Ideally, women felt that the 

accessibility of apps could be improved, firstly by being “free” (Focus group 4, 

multigravida) and by the technological functionality suiting the needs of its users. For 

example, one woman wanted: 

Apps you can go offline would be good because most of them you’ve got to be 

online to use. Offline stuff is good. (Focus group 2, multigravida) 

Another suggestion regarding apps or online functionality was to enhance their ability 

to allow for social networking between users, for example, by including:  

… A Q&A on it and you can write in, you know, for example, who do I ask 

without feeling judged. (Focus group 1, multigravida) 

This included one woman wanting to “have a chat room” (Focus group 4, primigravida) 

embedded into pregnancy apps.  

Suggestions were also made about how women could ensure that they were receiving 
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evidence-based, reliable, and consistent information by supplying “the exact answer” 

(Focus group 2, multigravida) and for maternity care providers to have access to an 

app so that women do not get confused with the different information provided in the 

hospital:  

Maybe have it [app] from this hospital. Have everyone—because every doctor 

has a different opinion, we know that, that’s natural to think. But have it at the 

hospital that you’re going to so have an app for the antenatal [hospital name]. 

(Focus group 1, multigravida) 

Consistent, accurate information was considered necessary, with this participant 

suggesting app-based technology to help professionals know the evidence: 

And go in and read their guidelines and stuff … and what the rules are. (Focus 

group 4, multigravida) 

Finally, participants considered that optimal technology for pregnancy-related 

information should respect everyone’s backgrounds and values. This would require 

the app to be developed to supply culturally appropriate information by the process of 

co-development, whereby:  

You could have like, on the app, an aunty or someone locally that has 

experience. Not so much on the medical side or the midwifery side but they’re 

on the experience community side where they can have her on a call, like, on 

the app to say, aunt, I find it hard to breastfeed. (Focus group 3, multigravida) 

5.4.5 Discussion 

This study aimed to explore how women access pregnancy-related information and 

identify the barriers and facilitators for providing information at a publicly funded tertiary 

hospital in NSW, Australia. The results of our study have highlighted four principal 

findings: (1) the basis for women seeking information in pregnancy ranges from basic 

to complex physiological and social health topics in an attempt to understand and 

normalize their pregnancy experience; (2) information is sourced from many places, 

and women value family wisdom, professional advice, and technology; (3) barriers to 

seeking information include inaccessibility of services and fear of a negative impact on 

personal wellbeing; and finally (4) women identified that accessing information via 

technology had several advantages that could be enhanced to overcome some of the 

barriers to information seeking. 



 

101 

These findings reflect the growing body of data highlighting that women across all 

socio-economic groups from high-income countries own a smartphone and access the 

internet on this device [22, 23]. Similar to systematic review [7] and qualitative evidence 

[5], we found that women use the internet and apps to search for pregnancy 

information when they feel shortfalls in the provision of information by health care 

professionals. All the women in our study had used the internet or an app at some 

stage in pregnancy. They preferred to use technology to access information over more 

conventional resources such as books or brochures. These findings are contrary to 

those of Wright et al. (2020) [24], who surveyed in Sydney, Australia, to determine 

which mode of information delivery women preferred during pregnancy and 

postnatally; this study concluded that non-electronic education delivery methods were 

selected by most women, especially in the postnatal period. This study also 

acknowledges that women seek information via technology; however, it cautions 

against a complete shift to delivery of information using technology as it may 

marginalise some groups of women [24]. Although this research was conducted in a 

similar setting to our study, the design and findings differ. Our data was collected 

verbatim in focus groups as we aimed to identify barriers and facilitators to accessing 

pregnancy information, not just the mode of delivery preferred by women. Wright et al. 

(2020) [24] conducted an online/paper survey with a response rate of 40%; the authors 

recognise this method of data collection was a limitation as some participants were 

unable to read and write in English, and therefore not all women’s preferences were 

collected.  

Our study strongly supports the development and implementation of digital pregnancy 

information resources because women use technology such as apps to seek 

pregnancy-related information but are very likely to access invalid or possibly 

dangerous information. Women utilise apps most frequently at night and want to use 

them in conjunction with traditional face-to-face maternity care. Apps and online 

platforms can be co-created with women and health care providers to target the 

desired information, be inclusive and culturally appropriate, and address the needs of 

marginalized women, such as migrants, when English is an additional language or for 

those with limited health literacy.  

5.4.5.1 Strengths and limitations 

The main strength of this study is that we were able to collect data from women 

attending both low and high-risk antenatal clinics for their antenatal care. Exploring 

how women in a large tertiary hospital in Australia access pregnancy-related 
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information has given insight into the barriers and facilitators for providing pregnancy 

information in this context. Another strength was that the focus groups were facilitated 

by a midwife not working in the hospital. This allowed the participants to speak freely 

without fear of their views impacting the relationship with their pregnancy care 

providers. Participant openness led to rich and honest data. 

Although the sample size was limited, the data collected and analysed from the 

participants was adequate to meet the study’s aims, develop themes, and find 

congruity and divergence amongst the findings. The participants were also recruited 

at two time points, which could be considered a limitation; however, in this case, the 

data showed consistent themes irrespective of when the participants were recruited. 

One limitation was the homogeneity of pregnancy risk among the participants due to 

the hospital being a referral centre for high-risk pregnancies. Our data strongly reflects 

the needs of women who experience disparity in pregnancy outcomes due to socio-

economic risk factors and medical pregnancy complications, such as diabetes. 

Therefore, it may not be generalisable to women experiencing low-risk pregnancy. 

Finally, this study was conducted before the COVID-19 pandemic, providing insight 

into traditional maternity care delivered by health care professionals face-to-face in an 

antenatal clinic setting. During the pandemic, the move toward digital health 

strengthens our results and recommendation for health services to provide free, 

accessible, and evidence-based digital resources. This study's secondary and 

unintended findings underline the importance of continuity of care maternity models 

and culturally appropriate midwifery group practices. To achieve acceptable and 

comprehensive pregnancy information resources using technology such as apps, we 

propose that the design of these need to incorporate five key ‘pieces’ (Figure 1), these 

being they 1) are freely available and accessible to all women, 2) do not replace 

traditional care, however, are embedded within that care, 3) are culturally appropriate 

and can be tailored by women and health care staff to meet individual needs, 4) are 

co-designed by women and front line health care professionals, and 5) are developed 

to be evidence-based, updated regularly, and are easy to understand for all women 

(Figure 1). 
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Figure 1 Essential pieces of the puzzle: Providing comprehensive pregnancy 
information in Australia using technology   

In conclusion, our findings provide important insight into preferences for providing 

information in pregnancy. Future research should aim to evaluate the best way of 

transferring desired information into app resources, the effectiveness and acceptability 

of culturally relevant, evidence-based pregnancy mobile applications, and the role that 

they may play in reducing inequality, empowering parents, and improving pregnancy 

outcomes.  
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CHAPTER 6: Mobile phone apps in Australia for 

improving pregnancy outcomes: Systematic 

search on app stores 

6.1 Chapter aim 

Chapter 6 is a systematic review of freely available pregnancy mobile phone apps 

available to women in Australia. In the original studies presented in Chapter 4 and 5, 

evidence was presented that showed that women use and value mHealth apps across 

the reproductive years. Because women commonly use apps to seek information that 

informs decision making about their pregnancy it is important to have an understanding 

of the quality of the most popular apps in Australia and assess the potential impact 

these apps may have on positively impacting behaviour change for women using them 

in pregnancy. To our knowledge, this is the first study of this kind investigating free 

pregnancy apps in Australia.   
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Abstract

Background: Women are increasingly turning to mobile health platforms to receive health information and support in pregnancy,
yet the content of these platforms vary. Although there is great potential to influence health behaviors, little research has assessed
the quality of these platforms or their ability to change behavior. In recent years, validated tools to assess app quality have become
available.

Objective: To identify and assess the quality and ongoing popularity of the top 10 freely available pregnancy apps in Australia
using validated tools.

Methods: A systematic search on app stores to identify apps was performed. A Google Play search used subject terms pregnancy,
parenting, and childbirth; the iTunes search used alternative categories medical and health and fitness. The top 250 apps from
each store were cross-referenced, and the top 100 found in both Google Play and iTunes were screened for eligibility. Apps that
provided health information or advice for pregnancy were included. Excluded apps focused on nonhealth information (eg, baby
names). The top 10 pregnancy apps were assessed using the Mobile App Rating Scale (MARS). A comparative analysis was
conducted at 2 time points over 2 years to assess the ongoing popularity of the apps. The MARS score was compared to the
download and star rating data collected from iTunes and Google Play in 2017 and 2019. Health behaviors including breastfeeding,
healthy pregnancy weight, and maternal awareness of fetal movements were reviewed for apparent impact on the user’s knowledge,
attitudes, and behavior change intentions using the MARS perceived impact section and the Coventry, Aberdeen, and
London—Refined (CALO-RE) taxonomy.

Results: A total of 2052 free apps were screened for eligibility, 1397 were excluded, and 655 were reviewed and scored. The
top 10 apps were selected using download numbers and star ratings. All 10 apps were suboptimal in quality, practicality, and
functionality. It was not possible to identify a primary purpose for all apps, and there was overlap in purpose for many. The mean
overall MARS app quality score across all 10 apps was 3.01 (range 1.97-4.40) in 2017 and 3.40 (range 2.27-4.44) in 2019. A
minority of apps scored well for perceived impact on health behavior using the MARS tool. Using the CALO-RE 40 item
taxonomy, the number of behavior change techniques used was low. The mean number of behavior change techniques for
breastfeeding was 5 (range 2-11), for pregnancy weight was 4 (range 2-12), and for maternal awareness of fetal movements was
5 (range 2-8).

Conclusions: This review provides valuable information to clinicians and consumers about the quality of apps currently available
for pregnancy in Australia. Consideration is needed regarding the regulation of information and the potential opportunity to
incorporate behavior change techniques to improve maternal and fetal outcomes.
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Introduction

Smartphone ownership and app use in Australia are high, with
81% of people possessing a smartphone, and 97% of mobile
consumers aged between 18 and 34 years [1]. In 2019, mobile
phones were the most common device used to access the internet
(87%), followed by a laptop (69%), then tablets (56%) [2]. The
most recent Australian data suggest that 46% of internet users
access the internet for health services; this is an increase from
22% in 2014-2015 [3]. It has been estimated that up to 1 in 4
Australians use their smartphones to access health-related apps
to support healthy behaviors [4].

Pregnant women are increasingly turning to mobile health
(mHealth) to receive health information and support rather than
relying on face-to-face and paper-based delivery methods [5-11].
This use of mobile health apps during pregnancy provides a
unique window of opportunity—a teachable moment—when
women are often more motivated to optimize health and change
their lifestyle [12,13]. Apps also have the potential to act as a
platform for specific pregnancy behavior change interventions,
such as maternal awareness of decreased fetal movements,
maternal weight monitoring, and breastfeeding [14-17]. A recent
systematic review [18] found limited data of the effects of
mobile app interventions during pregnancy on maternal
knowledge and behavior change. This review [18] concluded
that well-designed studies are needed to evaluate apps. App
developers should include women in co-design, implementation,
and evaluation phases of development. This was further
supported by a systematic review [19] that aimed to evaluate
usability (feasibility and acceptability) as well as the
effectiveness of lifestyle and medical apps in supporting health
care during pregnancy in high-income countries. The review
[19] concluded that further evidence is needed before such apps
are implemented in health care. For apps to be used as an adjunct
to health care, issues related to the accuracy of the information,
privacy, and security also need to be addressed [19].

Health behaviors such as maternal awareness of decreased fetal
movements, maintaining a healthy weight in pregnancy, and
breastfeeding are modifiable behaviors with known benefits for
both mothers and babies. Globally, apps have been used to
address such behaviors; however, further evidence is needed to
establish if these apps have an impact on pregnancy outcomes
[18]. In Australia, such apps have been assessed in a research
setting, including Growing Healthy, which provides information
on healthy infant feeding [20], and the My Baby’s Movements
app, which provides information about normal fetal movements
and has a tracking tool [21]. In 2018, a quasi-experimental study
[20] was conducted to describe the effects of Growing Healthy
on parental feeding practices, infant food preferences, and infant
satiety responsiveness; the authors concluded that mHealth
design and delivery characteristics that impact on infant feeding
practices need further research. My Baby’s Movements has also

been tested in a randomized controlled trial [21]; results are not
yet published.

Women who are overweight or obese have an increased risk of
pregnancy complications [22]. Pregnancy weight gain can be
addressed through lifestyle and dietary interventions [23].
Institute of Medicine weight gain recommendations [24],
National Institute for Health and Clinical Excellence guidelines
[25], and Australian dietary and physical activity guidelines are
referenced and recommended in national Clinical Practice
Guidelines for pregnancy care [26]. A recent systematic review
of nutritional information available to pregnant women on
smartphones in the United Kingdom found that apps do not
consistently provide useful or accurate nutritional information
[27].

The health benefits of exclusive breastfeeding for 6 months for
mothers and infants are well established [28]. A 2019 systematic
review [29] of digital interventions that support breastfeeding
found that there is potential to improve breastfeeding outcomes.
A recent cohort study [30] conducted in the United Kingdom
evaluated the effectiveness of the Baby Buddy app; Baby Buddy
is an mHealth intervention that is available on the UK National
Health Service Library that supports and guides women through
pregnancy and the first 6 months of their child’s life. The
posthoc analysis of this study suggested that Baby Buddy app
users were more likely to report exclusively breastfeeding or
ever breastfeeding [30].

This study aimed to identify and review the top 10 pregnancy
apps available in Australia over 2 years using validated tools
to assess the quality and perceived impact of 3 important
pregnancy health behaviors.

Methods

Study Design
This review used a stepwise systematic approach to identify,
select, assess, and evaluate the 10 most popular pregnancy apps
in Australia from November 2017 to October 2019. We assessed
their quality and use of behavior change techniques for 3
specified behaviors— maternal awareness of decreased fetal
movement, managing weight in pregnancy, and
breastfeeding—using validated tools [31,32].

Step 1: Selection of Smartphone Apps
Apps were identified using a search strategy developed using
PRISMA-P (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocol) guidelines [33] for reporting
systematic reviews evaluating health care interventions. Both
iTunes (Apple Inc, Australia) and Google Play (Google Inc,
Australia) were searched using a set of terms developed for each
online app store. The searches were conducted on the authors’
smartphones. Google Play search terms included pregnancy,
parenting, and childbirth. Categories searched in iTunes were
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medical and health and fitness. The top 250 apps from each
store that met the search terms were cross-referenced to find
the top 100 available in both Google Play and iTunes. These
100 apps were then screened for eligibility. Apps were screened
for relevance based on the inclusion criteria, using the
information provided in the app store description. The top 10
apps were then selected using the download numbers and star
ratings provided in each store. A comparative analysis of the
top 10 apps was conducted at 2 time points, in November 2017
and in October 2019. Discrepancies regarding the selected apps
were discussed and resolved by the review team.

Apps were included in the search that satisfied the following
criteria: available free (with or without in-app purchase) AND
modifiable or interactive AND provided general pregnancy
information or education. In addition, there was a criterion that
the app either aimed to support targeted behavior change in
pregnancy such as healthy diet and exercise or aimed to support
general well-being and disease prevention in pregnancy
including mental health. Apps were excluded in the search if
they satisfied any of the following criteria: a cost was involved,
the app was not available in both Australia iTunes or Google
Play stores, the app was not available in English, the app was
not designed for interactive use, the app was primarily designed
to track or assist with contraception or fertility, the app was
classified as a game or entertainment only and was not designed
for education or information delivery (eg, baby names), or the
app was designed primarily for use by other consumers (such
as health care professionals, women’s partners).

Step 2: Evaluation of Smartphone Apps

App Classification and Quality
Two reviewers classified and evaluated the quality of the top
10 pregnancy apps using the Mobile Application Rating Scale
(MARS) [31]. The MARS tool was chosen as it has proven
reliability through test-retest studies and has excellent internal
consistency [31]. MARS has been validated for health
applications and has been used in several studies, for example,
pregnancy-specific nutrition apps [34,35], medication adherence
[36], apps for treatment of speech disorders in children [37] and
pain management [38]. Using the descriptive information
provided by each app, the reviewers identified the focus and
theoretical background (or strategies) used by the app
developers. Affiliations, technical aspects, and target age groups
were also examined. The 23-item tool has 4 objective quality
subscales and 1 subjective quality rating scale. A 5-point rating
scale (1, inadequate, to 5, excellent) was used for each of the 4
objective subscales: engagement, functionality, aesthetics, and
information quality. A mean score was calculated that ranged
from 1-5. A score of 5 denoted excellent quality, and a score of
1 indicated poor app quality [31]. The overall app quality score
was calculated using the scores for the 4 domains. MARS has
been designed in this way so that the total score can be directly
translated to a star rating, and therefore, can be easily compared
with app stores. Each app was assessed for subjective quality
using a 5-point scale and calculated mean. The 4 subjective
items were potential benefit, use, cost, and overall personal star
rating (a score of 5 denoted “One of the best apps I’ve used”
and a score of 1 denoted “One of the worst apps I’ve used”)

[31]. Reviewers used each app for at least 10 minutes and
assessed how easy the app was to use. The 10 included apps
were assessed on both iOS and Android devices to determine
if there was any variance in functionality or usability between
the different platforms. Data related to app settings, developer
information (affiliations), external links, and security features
were also reviewed.

Comparative Analysis
At 2 time points, 2 years apart, a comparative analysis of the
MARS scores, downloads and star ratings of the top 10 apps
was conducted to assess the ongoing quality and popularity of
the selected apps. Data were collected from iTunes and Google
Play on November 3, 2017 and October 5, 2019. This was done
to assess whether the quality or download rating had changed.

Step 3: Analysis of Behavior Change Techniques Used
The 3 prespecified target health behaviors were found in all 10
apps. These behaviors were assessed in 2019 using both the
additional component of the MARS tool [31], perceived impact,
and the Coventry, Aberdeen, and London—Refined (CALO-RE)
taxonomy [32]. This was undertaken to compare which apps
could be effective in modifying behavior change. Content related
to the behaviors was reviewed in each app to assess potential
impact on user awareness, knowledge, attitudes, intentions to
change, help-seeking, and behavior change and was documented
using a 5-point rating scale from 1 (strongly disagree) to 5
(strongly agree) [31]. To assess the perceived impact, we used
a method described by Furlong et al [37]. We identified
best-practice principles for decreased fetal movement awareness,
weight management, and breastfeeding as well as the
intervention techniques used by the apps (eg, self-monitoring,
instruction on how to perform the behavior, and information on
consequences of behavior). A mean score was then calculated
[37]. The CALO-RE tool was chosen as an adjunct to MARS
perceived impact as it has been used successfully for reporting,
evaluating, and implementing physical activity, healthy eating,
and lifestyle interventions [34]. CALO-RE is a systematic way
to apply evidence and theory linked to behavior change using
a taxonomy consisting of 40 behavior change techniques items
[32]. Each app was reviewed for all 3 target behaviors.
Definitions were used to accurately describe the behavior change
techniques such as goal setting, action planning, and barrier
identification [32]. Using a method described by Brown et al
[34], we assessed the frequency of behavior change technique
inclusion in all 3 behaviors in all 10 apps. To do this, we
reviewed app content, assigned individual behavior change
techniques as defined by Michie et al [32] and calculated a score
out of 40 possible behavior change techniques [34]. We repeated
this process for each behavior.

Fetal Movement Awareness
Information about fetal well-being and advice given regarding
decreased fetal movement were examined using the Australian
Safer Baby Bundle Handbook and Resource Guide [39]. Using
MARS and CALO-RE, we considered the potential impact that
each app would have on changing women behaviors toward
monitoring fetal movements and the likelihood that they would
act on concerns and contact a health care provider.
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Healthy Weight in Pregnancy
Advice on gestational weight gain included in apps was
reviewed against US Institute of Medicine weight gain
recommendations, the UK National Institute for Health and
Clinical Excellence weight management guidelines for
pregnancy, and the Australian clinical practice guidelines for
pregnancy care.

Breastfeeding
Breastfeeding content was compared for alignment with the
World Health Organization (WHO) Breastfeeding Friendly
Hospital Initiative 10 Steps to Successful Breastfeeding [40]
and International Code of Marketing of Breast-Milk Substitutes
[41]. Information, images, advertising, and sponsorship of each
app were reviewed and evidence of breaches of the WHO Code
was collated alongside the MARS and CALO-RE data.

Results

Step 1: Selection of Smartphone Apps
In November 2017, a total of 2052 apps were identified. Of
these, 1111 apps were found only in Google Play, and 941 were
found only in iTunes. Due to the volume of apps, the top 250
free apps in both stores were cross-referenced to identify the
top 100 most downloaded. A total of 71 apps were excluded,
and 29 met inclusion criteria. Of these 29 apps, the 10 apps with
the highest number of downloads and star ratings in both stores
were identified (Figure 1). The following apps were assessed
for quality: Ovia Pregnancy Tracker, I’m Expecting, Baby
Centre, Pregnancy +, Glow, What to Expect, Baby Bump
Pregnancy Pro, Sprout Pregnancy, Week by Week, The Bump.
In 2019, the top 10 apps identified from 2017 were again
searched for in both stores to conduct a comparative analysis
of download and star ratings at 2 time points.

Figure 1. Flowchart of the app selection process.
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Step 2: Evaluation of Selected Smartphone Apps

App Classification
The focus, theoretical background, and strategies used in each
app were difficult to ascertain. Affiliations and sources of
funding information available indicated that all 10 were
commercially developed. All apps lacked transparency regarding
the details of funding. The review team was unable to determine
the target age groups as these were not specified. The app
description, design, functionality, and content were designed
to appeal to women of reproductive age; however, some had
user pathways for partners and carers. Of the 10 apps, 7 had
reminders, 7 allowed password protection, 7 had an app
community, 9 allowed sharing, 9 required logins, and all 10
required web access.

There was no single dedicated focus described for any of the
10 apps, and there was an overlap between categories. Four of
the apps had additional categories that were not prespecified
(other), these linked directly to online stores to upgrade the app
or buy baby-related products (4/10 apps). The entertainment
category included apps that had links to online communities
and information that was not always related to pregnancy health,
and well-being. The physical health category included apps that
provided information about pregnancy symptoms, milestones,
nutrition, exercise, maternal weight gain, medication, and
prenatal vitamin reminders (10/10 apps). Of the 10 apps, 5 had
a component that related to supporting mental health (reducing
negative feelings, anxiety, and depression).

All 10 apps provided some health information and education.
All app descriptions stated that the app would help monitor and

track various healthy behaviors, provide advice, tips, and
strategies; 9 out of 10 apps had such content. Further analysis
of the content using the MARS tool showed that few provided
the necessary goal-setting (4/10 apps), assessment (3/10 apps),
and feedback (2/10 apps) required to successfully support
behavior change.

App Quality
The mean of the 4 MARS subscale scores across all 10 apps
were 3.01 (range 1.97-4.40) in 2017 and 3.40 (range 2.27-4.44)
in 2019. The app that had the highest quality scores was Ovia
Pregnancy Tracker App (in 2017: mean 4.40; in 2019: mean
4.44). The app that had the lowest quality score in 2017 (mean
1.97) was Baby Bump Pregnancy Pro. This app was no longer
available for download in 2019, therefore, was not analyzed at
the second time point. In both 2017 and 2019, functionality was
rated the highest in both 2017 and 2019 followed by aesthetics,
engagement, and information (Table 1). Ovia Pregnancy Tracker
scored highest across all subscales. Apps that scored higher for
engagement and aesthetics scored lower for information. We
found that sources of information were not cited, and studies
and trials were not included. There was inconsistent information,
and there appeared to be an ad hoc approach with several pieces
of content missing review dates. The subjective quality items
were calculated as a mean score. Apps that had the highest
subjective scores in 2017 were Ovia Pregnancy Tracker (mean
3.75) and Sprout Pregnancy (mean 2.75). These 2 apps also had
the highest overall MARS scores in 2017 (mean 4.40 and mean
3.38, respectively).

Table 1. MARS scores of the Top 10 apps in 2017 and 2019.

Overall quality scoreInformation scoreAesthetics scoreFunctionality scoreEngagement scoreApp

2019201720192017201920172019201720192017

3.403.012.142.104.003.304.253.623.403.00All, mean

4.444.403.423.005.005.004.755.004.604.60Ovia Pregnancy Tracker

2.462.902.002.112.663.003.003.502.203.00I’m Expecting

3.982.902.852.705.003.004.503.003.603.00Baby Centre

3.553.112.221.704.334.104.253.753.403.00Pregnancy +

3.283.202.142.103.663.304.334.003.003.40Glow

3.892.802.421.424.663.304.503.504.003.00What to Expect

—1.97—1.20—2.30—2.20—a2.20Baby Bump Pregnancy Pro

2.273.581.573.002.664.332.254.002.603.00Sprout Pregnancy

2.843.122.142.283.334.003.504.002.802.20Week by Week

3.402.281.421.404.003.004.002.754.202.00The Bump

aDenotes that this app was not available for download in 2019.

Comparative Analysis
Baby Bump Pregnancy Pro had the lowest MARS score in 2017
and was not available to download at the second time point on
either iOS or Android. For the majority of apps, there was an
increase in the mean quality scores from 2017 to 2019. The

exceptions to this were I’m Expecting, Sprout Pregnancy, and
Week by Week, which had lower scores than their 2017 scores.
Sprout Pregnancy had the lowest star rating (4.5) at both time
points. This app dropped significantly in ranking from 2017
(ranked second) to 2019 (ranked ninth). Ovia Pregnancy Tracker
ranked first at both time points (Table 2).
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Table 2. Comparison of Android downloads (rounded estimates as shown in Google Play) and star ratings for the top 10 apps.

Star ratingsDownloadsApp

2019201720192017

4.84.81,000,00081,053Ovia Pregnancy Tracker

4.64.61,000,00070,640I’m Expecting

4.74.710,000,000530,321Baby Centre

4.64.510,000,000157,385Pregnancy +

4.64.6500,00016,938Glow

4.64.51,000,00043,882What to Expect

—4.5—a26,659Baby Bump Pregnancy Pro

4.54.51,000,00023,131Sprout Pregnancy

4.94.81,000,0001100Week by Week

4.74.51,000,00013,532The Bump

aDenotes that this app was not available for download in 2019.

Step 3: Analysis of Behavior Change Techniques Used
Overall, Ovia Pregnancy Tracker scored the highest for
perceived impact using the MARS tool across all 3 behaviors
(breastfeeding: mean 3.0; healthy weight: mean 3.5; maternal
fetal movement awareness: mean 4.0; all apps: range 1-4). When
examined using CALO-RE, Ovia Pregnancy Tracker did not
have the highest number of behavior change techniques for any
of the behaviors reviewed (Table 3). What to Expect used the
highest number of behavior change techniques (breastfeeding:
11/40; healthy weight: 9/40; maternal fetal movement
awareness: 8/40; all apps: range 2-12) (Table 3). A detailed
analysis of the frequency of CALO-RE behavior change
techniques included across the 10 apps for the 3 behaviors is
included in Multimedia Appendix 1.

Fetal Movements
Ovia Pregnancy Tracker scored the highest for perceived impact
for fetal movements (mean 4.0; range 1-4) (Table 3). When
assessed using CALO-RE, the highest number of behavior
change techniques used was 8/40 (range 2-8). When
cross-referenced with the Australian Safer Baby Bundle
Handbook and Resource Guide [39], we found several
discrepancies. All apps had some inaccurate or incomplete
information about maternal fetal movement monitoring. One
app stated that normal baby movement was 10 kicks in 2 hours
and all other apps provide no or partial information alongside
the in-app tools provided. Three of the 10 apps incorrectly
suggested the mother should consume something sweet to
encourage fetal movements. One app recommended buying a
fetal Doppler ultrasound, claiming that it was beneficial and so
that the pregnant woman could monitor fetal well-being. This
is not evidence-based and may impact negatively on fetal
outcomes [42]. Three of the apps did not articulate or encourage
women to contact a health care provider if concerned about
decreased fetal movements or mention the risk of stillbirth.

Healthy Weight in Pregnancy
Ovia Pregnancy Tracker scored the highest for perceived impact
(mean 3.5, range 1.0-3.5). Basic information on diet and exercise
was included in all apps, with a focus primarily on fitness rather
than weight management. Tools to track exercise and weight
were included in 5 of the apps; however, little or no information
was given on how, when, or why it is important to do so. Weight
tracking tools in 2 apps provided incorrect information on
expected weight gain, and 2 apps provided information that was
misleading regarding increasing calorie intake and advocating
the need to eat for two. CALO-RE analysis showed that Baby
Centre (12 techniques) and What to Expect (9 techniques)
utilized the highest of behavior change techniques (all apps:
mean 4.4, range: 2-12), but there was no clear alignment with
Institute of Medicine, National Institute for Health and Clinical
Excellence, or Australian pregnancy care guidelines (Table 3).

Breastfeeding
Basic breastfeeding information was provided in all apps;
however, the content did not adequately cover all aspects of
breastfeeding, was inaccurate, or did not follow best practice
outlined in the WHO code [41]. Although Ovia Pregnancy
Tracker scored the highest for perceived impact (mean 3.0), it
had one of the lowest numbers of behavior change techniques
(5/40) when compared against other apps (What to Expect:
11/40; The Bump: 10/40). Two apps provided information for
later in pregnancy and highlighted some difficulties with
breastfeeding. It was noted that these apps did not mention
midwives or lactation consultants as a form of support, instead
suggesting that formula is equal to breastmilk. The apps varied
greatly; 1 app provided a feeding tracker and gave links to
relevant articles while another app gave information that was
directly linked to online shopping for nipple creams and bras.
One app had affiliations with a company that sells breastmilk
substitutes; this app scored the lowest in both MARS and
CALO-RE and directly contradicted the WHO code [41].
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Table 3. Perceived impact of app on modifiable healthy behavior using the MARS app-specific tool and CALO-RE behavior change techniques
taxonomy.

Fetal movementsHealthy weightBreastfeedingApp

CALO-RE behavior
change techniques, n
(%)

MARS perceived
impact score,
mean

CALO-RE behavior
change techniques, n
(%)

MARS perceived
impact score,
mean

CALO-REb behavior
change techniques, n
(%)

MARSa

perceived impact
score, mean

4 (10)4.04 (10)3.55 (12.5)3.0Ovia Pregnancy
Tracker

5 (12.5)1.62 (5)1.62 (5)1.1I’m Expecting

7 (17.5)1.312 (30)1.39 (22.5)1.1Baby Centre

7 (17.5)3.03 (7.5)3.06 (15)1.0Pregnancy +

3 (7.5)1.04 (10)1.82 (5)2.5Glow

8 (20)1.59 (22.5)2.311 (27.5)3.0What to Expect

—1.3—1.3—c1.0Baby Bump
Pregnancy Pro

2 (5)2.32 (5)1.52 (5)1.0Sprout Pregnancy

8 (20)2.32 (5)2.32 (5)1.0Week by Week

8 (20)1.02 (5)1.010 (25)1.0The Bump

aMARS: Mobile Application Rating Scale.
bCALO-RE: Coventry, Aberdeen, and London—Refined.
cDenotes that this app was not available for download in 2019.

Discussion

Principal Findings
This review showed that highly rated pregnancy smartphone
apps were generally of low to moderate quality. This study is
the first to have systematically described app quality and the
use of behavior change techniques in pregnancy apps for 3 key
health behaviors—maternal fetal movement monitoring,
pregnancy weight monitoring, and breastfeeding.

The trend toward the use of mobile health opens up an
opportunity to reach women who are less likely to or have yet
to engage with health care providers. The information provided
in all 10 apps, however, was not tailored for specific groups,
for example, young mothers. We were unable to find any
information in the 10 apps that suggested that pregnant women
were engaged as co-designers at any stage of the app
development or that endorsement from key maternity care
organizations, health departments, or colleges was sought. All
apps required web access. This may be a barrier for women
living outside major Australian cities with limited Wi-Fi
connection or with restricted data plans. Those who may benefit
most are potentially not able to access interventions that may
improve health outcomes and support pregnancy and early
parenthood.

Functionality appears to be the main focus for developers. All
10 apps work technically well and have some in-built
mechanisms for sharing, basic privacy settings (to meet
Australian law), and rudimentary personalization capability.
All reviewed apps lacked transparency regarding affiliations
and have been set up to be commercial rather than as an
intervention to change behavior. Although the functionality and

usability of the apps have increased in the last two years, content
credibility has not. Several reviews have found that health apps
have insufficient evidence-based content [43-45]. Since there
is limited regulatory oversight of the quality of apps and content
provided, the MARS tool could be used by clinicians and by
women themselves to identify high-quality apps rather than
relying on download and star ratings. Our results confirm that
few apps provide evidence-based information; therefore, caution
is advised before recommending the use of these during
pregnancy. For example, regarding maternal fetal movement
awareness, reviewed app tools appeared to be for entertainment
purposes since they were designed poorly and lacked essential
information. We were unable to determine if fetal movement
tools in apps during pregnancy would positively impact maternal
knowledge, behavior change, or perinatal health outcomes. Of
concern is the possibility of women assuming that app content
is evidence-based and credible; however, in reality, apps are a
platform for in-app purchases and link to unnecessary and
potentially harmful advice. This was highlighted in the
breastfeeding information with links to breastmilk substitutes
and pictures of idealized artificial feeding. Such breaches of the
WHO code do not contribute to motivating women to breastfeed
exclusively for 6 months or seek help and assistance to do so.

Strengths and Limitations
The strength of this study is the use of a stepwise systematic
approach to identify and review pregnancy mobile apps in
Australia. By assessing current apps using the MARS tool and
CALO-RE taxonomy, we were able to evaluate features and
quality, as well as capture the usefulness of these apps as
behavior change intervention strategies. We looked at the top
10 apps in terms of popularity using downloads and star ratings
in Australian iOS and Android app stores. We then assessed 3

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 | e22340 | p. 7http://mhealth.jmir.org/2020/11/e22340/
(page number not for citation purposes)

Musgrave et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


prespecified healthy pregnancy behaviors. Our inclusion criteria
were deliberately set wide to assess what apps are commonly
used by pregnant women; the disadvantage of using this criteria
was that we may have missed other behaviors.

Our study supports the work by Brown et al who reviewed the
quality of Australian iPhone pregnancy apps and the inclusion
of behavior change techniques for pregnancy-specific nutrition
information using MARS and CALO-RE [34] and free
pregnancy apps available in the Google store [35]. Similarly,
we found that only a small number of behavior change
techniques were utilized across the 3 healthy behaviors we
examined using CALO-RE. Likewise, our MARS findings had
an overall mean quality score of 3.02 compared to the mean of
3.05 in Brown et al [34]. We found no single tool could cover
all aspects of pregnancy apps and therefore we used both the
MARS tool and the CALO-RE taxonomy. We chose the MARS
tool as it has been validated for the quality of health apps.
CALO-RE was used because it has more detail about specific
behavior change techniques.

CALO-RE and perceived impact scores in this study are low.
This may be attributed to the lack of behavior change theory in
app design or that behavior change was not the purpose of the
apps. The number of behavior change techniques used and the
perceived impact does not necessarily correlate with actual
behavior change as a result of using these apps. A feasibility
study would need to be conducted to establish the link between
perceived and actual impact, this is beyond the scope of this
study; however, using CALO-RE and the MARS tool to assess

the likelihood of behavior change has highlighted the need for
improvement if apps are to be used as interventions.

Finally, searching for pregnancy apps is problematic due to
inconsistent search terms across iTunes and Google Play. The
implication of this, is that a search cannot be replicated, and
therefore, validated. A potential solution to facilitate searching
would be the development of a vocabulary for app indexing
similar to Medical Subject Headings [46]. This would enable
users and researchers alike, to have the ability to easily find the
most appropriate apps with pregnancy information. Also, with
the constant addition and removal of apps from the market, it
is difficult to provide a timely appraisal of the current apps
available. Future research could explore the creation of a
combined scoring tool for pregnancy apps that could be used
by both clinicians and women.

Conclusions
This study confirms that publicly available, free pregnancy apps
in Australia should be treated with caution rather than
recommended. Clinicians and researchers need to work
collaboratively and show leadership in developing
evidence-based pregnancy apps that incorporate behavior change
techniques. Engagement with pregnant women in co-design
must occur at all stages of app development, and endorsement
from peak maternity care organizations, health departments,
and professional societies should be sought. Smartphone apps
have the potential to influence healthy behaviors in pregnancy,
but an evidence-based approach is needed.
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CHAPTER 7: Baby Buddy app for breastfeeding 

and behavior change: Retrospective study of 

the app using the behavior change wheel  

7.1 Chapter aim 

Chapter 7 retrospectively explores the development and behavior change techniques 

used in the free pregnancy app, Baby Buddy. This app is not currently available in 

Australia; however, it is used widely in the UK and embedded into the NHS maternity 

services setting. In the previous chapter (Chapter 6), evidence was presented that 

showed that the quality of the most popular pregnancy apps in Australia is not of a high 

standard, health information included in the apps was not evidence based and unlikely 

to influence positive behaviour change in pregnancy. Although the most popular 

pregnancy apps in Australia appear to be primarily developed for commercially 

beneficial purposes such as marketing, they do have to potential to be used as 

intervention platforms for behaviour change interventions. In order to understand the 

beneficial components of apps, and with a view to using this knowledge to create 

Australian resources in the future, this chapter critically analyses the Baby Buddy app. 
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Abstract

Background: Breastfeeding plays a major role in the health of mothers and babies and has the potential to positively shape an
individual’s life both in the short and long term. In the United Kingdom (UK), although 81% of women initiate breastfeeding,
only 1% of women breastfeed exclusively to 6 months as recommended by the World Health Organization. In the UK, women
who are socially disadvantaged and younger are less likely to breastfeed at 6 to 8 weeks postpartum. One strategy that aims to
improve these statistics is the Baby Buddy app, which has been designed and implemented by the UK charity Best Beginnings
to be a universal intervention to help reduce health inequalities, including those in breastfeeding.

Objective: This study aimed to retrospectively examine the development of Baby Buddy by applying the Behavior Change
Wheel (BCW) framework to understand how it might increase breastfeeding self-efficacy, knowledge, and confidence.

Methods: Retrospective application of the BCW was completed after the app was developed and embedded into maternity
services. A three-stage process evaluation used triangulation methods and formalized tools to gain an understanding of the potential
mechanisms and behaviors used in apps that are needed to improve breastfeeding rates in the UK. First, we generated a behavioral
analysis by mapping breastfeeding barriers and enablers onto the Capability, Opportunity, and Motivation-Behavior (COM-B)
system using documents provided by Best Beginnings. Second, we identified the intervention functions and policy categories
used. Third, we linked these with the behavior change techniques identified in the app breastfeeding content using the Behavior
Change Techniques Taxonomy (BCTTv1).

Results: Baby Buddy is a well-designed platform that could be used to change breastfeeding behaviors. Findings from stage
one showed that Best Beginnings had defined breastfeeding as a key behavior requiring support and demonstrated a thorough
understanding of the context in which breastfeeding occurs, the barriers and enablers of breastfeeding, and the target actions
needed to support breastfeeding. In stage two, Best Beginnings had used intervention and policy functions to address the barriers
and enablers of breastfeeding. In stage three, Baby Buddy had been assessed for acceptability, practicability, effectiveness,
affordability, safety, and equity. Several behavior change techniques that could assist women with decision making around
breastfeeding (eg, information about health consequences and credible sources) and possibly affect attitudes and self-efficacy
were identified. Of the 39 videos in the app, 19 (49%) addressed physical capabilities related to breastfeeding and demonstrated
positive breastfeeding behaviors.
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Conclusions: Applying a theoretical framework retrospectively to a mobile app is possible and results in useful information to
understand potential health benefits and to inform future development. Future research should assess which components and
behavioral techniques in the app are most effective in changing behavior and supporting breastfeeding.

(JMIR Mhealth Uhealth 2021;9(4):e25668) doi: 10.2196/25668

KEYWORDS

breastfeeding; app; digital health; smartphone app; behavior change wheel; digital behavior change intervention

Introduction

A healthy start to life is crucial for improving life-long health
outcomes [1,2]. Despite universal public funding for pregnancy
care and targeted antenatal and postnatal programs, the United
Kingdom (UK) has large inequalities in perinatal outcomes for
women and children from minority ethnic communities, those
who are socially disadvantaged, or those who become pregnant
in their teenage years [3]. Breastfeeding is well recognized to
positively impact and shape the lives of both the mother and
baby in the short and long term. Global scaling up of
breastfeeding interventions is needed to improve the rates of
breastfeeding in all countries, which includes the provision of
support to all women [1,2].

Breastmilk is nutritionally balanced and helps protect infants
and children from infections [1]. There are risks associated with
not breastfeeding in high-income, middle-income, and
low-income countries [1]. A meta-analysis of six high-quality
studies showed that “ever breastfeeding” (infants who have
breastfed at least once) was associated with a 36% reduction in
sudden infant death (95% CI 19%-49%) [2]. Breastfed babies
have a lower chance of childhood leukemia and allergies, and
are less likely to develop diabetes or become overweight when
they are older [4]. Breastfeeding also benefits mothers, and it
is associated with a lower risk of developing breast and ovarian
cancer, osteoporosis, diabetes, and cardiovascular disease [2].
A longer period of breastfeeding is also associated with a
reduction in the mother's odds of overweight or obesity (95%
CI 22-30) [4].

The UK National Infant Feeding Survey (2010) showed that
although 81% of women initiated breastfeeding, 34% of babies
received any breastmilk at 6 months (only 1% were exclusively
breastfed), and the country ranks lowest in the world for
breastfeeding at 12 months of age [2,3]. The most recent
aggregate breastfeeding rate for England (Quarter 3 of 2019/20)
at 6 to 8 weeks was 48.2% (CI 47.9%-48.5%) [5]. As a response
to low breastfeeding rates, the UK Public Health England in
collaboration with UNICEF UK, has produced several policies
and resources in line with the “baby friendly initiative.” It is
hoped that initiatives that promote breastfeeding will augment
women’s and children’s health and support maternal-infant
bonding [6,7].

In 2007, Best Beginnings charity in the UK co-designed digital
video discs (DVDs) to support breastfeeding initiation,
motivation, and duration, with a focus on benefits and
acknowledgement of challenges. The resources were developed
with parents, the UK Department of Health, and UNICEF UK.
Since the 2008 launch, over 2 million copies of the DVD have

been distributed. In 2014, with changing technology, the charity
embedded this breastfeeding content into Baby Buddy, a
smartphone app. Pregnant women are now more likely to find
pregnancy apps useful sources of information and support
compared with DVDs or written material [8-12]. This trend
toward the use of smartphones provides an opportunity to reach
those women who are less likely to engage with health care
providers or are yet to do so [13,14].

Baby Buddy was designed to focus on the window of
opportunity from preconception to 6 months of age, in which
the foundations for a healthy childhood are laid [15]. The app
is free, available on the National Health Service Library,
embedded into maternity and early care pathways, and endorsed
by organizations, including the Royal College of Midwives and
the Royal College of Obstetricians and Gynaecologists, and it
can be easily accessed on both Android and iOS devices. Baby
Buddy is intended to be used by parents of all backgrounds and
to be particularly engaging for those who may have difficulty
connecting with health services owing to language, age, culture,
or socioeconomic barriers. Baby Buddy has been designed to
appeal to younger women and includes a user-designed
interactive avatar as a “gaming” element. The app aims to build
confidence and self-efficacy and promote good parental-infant
bonding and attachment. It contains over 300 videos, including
all videos from the “From bump to breastfeeding” DVD, and
provides engaging and interactive daily information to support
healthy behaviors including breastfeeding. The app intends to
enhance the link between parents and health care providers and
promotes better engagement, communication, and shared
decision making with parents [16].

The most recent published evaluation of Baby Buddy, the
BaBBLeS study (Bumps and Babies Longitudinal Study),
measured maternal self-efficacy as the primary outcome. The
authors found that there were no differences in maternal
self-efficacy outcomes. However, they did perform a post-hoc
analysis of breastfeeding and documented a significant increase
in “any breastfeeding” at 1 month (odds ratio [OR] 3.08, 95%
CI 1.49-6.35) and in “exclusive breastfeeding” at 3 months (OR
1.79, 95% CI 1.02-3.16) [16]. Further data from Norfolk did
demonstrate an increase in maternal self-efficacy for parents
using the Baby Buddy app [17].

With this data demonstrating potential behavior change and
increased breastfeeding with the use of the Baby Buddy app,
further understanding was sought regarding which components
of the design and development of the app might have contributed
to these results. The Behavior Change Wheel (BCW) and the
associated Behavior Change Techniques Taxonomy (BCTTv1)
provide a systematic approach that acknowledges the importance
of behavioral theory in the design and evaluation of
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interventions. The BCW has three interrelated concentric layers.
The inner layer (Capability, Opportunity, and
Motivation-Behavior [COM-B] model) helps understand the
behavior that needs to be changed. The middle layer consists
of the following possible interventions that could be used to
facilitate behavior change: restrictions, education, persuasion,
incentivization, coercion, training, enablement, modeling, and
environmental restructuring. The outer layer of the wheel assists
in identifying which policy opportunities could be utilized to
support the delivery of the chosen interventions [18]. Finally,
the BCTTv1 is a complementary tool that helps further identify
which behavior change techniques could help deliver the
intervention functions identified [18]. The BCW has previously
been retrospectively applied to other mobile health interventions
successfully [19-21]. This study aimed to retrospectively
examine the development of Baby Buddy and apply the BCW
framework to understand how it might increase breastfeeding
self-efficacy, knowledge, and confidence.

Methods

Overview
We evaluated the development of Baby Buddy with the BCW
and its associated taxonomy using a prespecified three-stage
process (Figure 1). The research was conducted between
November 2017 and December 2018. The research team was
given access to all reports, market research, and interview and
focus group findings prepared by Best Beginnings to inform
the design of Baby Buddy (Multimedia Appendix 1). Guide
books containing worksheets were used to deconstruct and
retrospectively analyze the development process and the
breastfeeding components within the Baby Buddy app [18,22].
Data extraction was performed by one reviewer (LMM) and
then checked by a second (AG). They met fortnightly to share
and discuss the findings. This was achieved by cross-checking
coding, interpretation, and mapping. Any discrepancy was
resolved by discussion, and further analysis or content review
was undertaken if necessary.

Figure 1. Process of applying the Behavior Change Wheel to the Baby Buddy app.

Stage One: Understanding Breastfeeding as a Target
Behavior
This stage aimed to assess the in-depth understanding of
breastfeeding as a target behavior in the development of the app
and the context in which it occurs. Barriers and enablers to target
behaviors were identified in the provided data (survey,
interview, and focus group reports), and then, these were
mapped to the COM-B tool [18].

Stage Two: Identifying How Intervention and Policy
Functions Were Used
This stage determined the aspects included in Baby Buddy and
if they could influence breastfeeding behavior. The middle layer
of the BCW was used by the research team to map which
“intervention” components could address the barriers and
enablers to breastfeeding (restrictions, education, persuasion,
incentivization, coercion, training, enablement, modeling, and

environmental restructuring) [18]. We then coded these findings
using the Theoretical Domains Framework (TDF) (knowledge,
cognitive and interpersonal skills, memory, attention and
decision-making processes, optimism, beliefs about
consequences, intentions, goals, emotions, and social influences)
[18]. The outer layer of the BCW was used to map policy
categories (eg, policies, guidelines, fiscal measures, service
provision, legislation, regulation, communication, and
environmental opportunities) [18].

Stage Three: Identifying Content and Implementation
Choices Made
This stage identified evidence of the use of behavioral change
techniques (BCTs) within the design of Baby Buddy. We used
the APEASE criteria as defined in the BCW (affordability,
practicability, effectiveness, affordability, safety, and equity)
[18,22]. These steps provided insights into how the content was
developed and implemented and to understand the choices made
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by Best Beginnings as the project progressed. We also described
the “active” ingredients that were used in the breastfeeding
intervention using the BCTTv1 tool [18,22]. To do this, we
viewed and reviewed 39 videos, eight glossary words (“What
does that mean?”), and 20 Baby Buddy–generated responses to
breastfeeding questions (“Ask me”). We marked the BCTTv1
tool for each technique found in each piece of information
reviewed (videos, glossary words, and generated responses).

Results

Stage One: Understanding Breastfeeding as a Target
Behavior

Step 1: How Breastfeeding was Defined in Behavioral
Terms
Best Beginnings defined breastfeeding as a key behavior
requiring more support and demonstrated a thorough
understanding of the context in which breastfeeding occurs
based on the following sources of evidence: (1) The Infant
Feeding Survey (2010) [3]; (2) World Health Organization
Global Strategy for Infant and Young Child Feeding
(Breastfeeding Manifesto) [23]; (3) Tackling health inequalities
in infant and maternal health outcomes [15]; (4) Focus On: A
Proportionate Approach to Priority Populations [24]; (5) Fair
Society, Healthy Lives – Strategic Review of Health Inequalities
in England post-2010 [25]; and (6) The Foundation Years:
preventing poor children becoming poor adults [26].

Step 2: How Breastfeeding Behaviors Were Selected
Best Beginnings selected specified target actions that were
needed to support breastfeeding. They undertook extensive
consultation with stakeholders, including the UK Department
of Health, UNICEF, and women and their families. A
multidisciplinary team approach was adopted in the creation of
the steering committee. The following six target behaviors to
support breastfeeding were identified as a priority by Best
Beginnings: (1) Advising on commencing breastfeeding; (2)
Giving information on correct positioning and attachment for
breastfeeding; (3) Knowing how to express breast milk; (4)
Knowing what is normal in the first few months of
breastfeeding; (5) Knowing how to overcome breastfeeding
challenges; and (6) Planning to breastfeed for 6 months or more.

Step 3: How Target Breastfeeding Behaviors Were
Specified
Breastfeeding behaviors were described with who, what, when,
where, how often, and with whom (Table 1). Best Beginnings
utilized mixed method techniques to better understand the
barriers and enablers affecting inequity, disparity, and
intergenerational disadvantage (Multimedia Appendix 1). Health
care professionals, parents, and families were engaged as
co-creators at all stages and were instrumental in app
development, implementation, evaluation, and promotion
[16,27-30].

Table 1. Specifying breastfeeding as a target behavior [22].

ResponseQuestion

Women, with a focus on young women under 25 years intending to breastfeedWho needs to perform the behavior?

Offer breast firstWhat does the person need to do differently to achieve the
desired change?

Within the first hour of birth and then for every feed demandedWhen will they do it?

At the birthplace and then anywhere they choose to feed the infantWhere will they do it?

Every feedHow often will they do it?

With the support of staff initially and then independently with the support of family and
friends or professionals if required

With whom will they do it?

Step 4: Changes Needed to Support Breastfeeding
Behaviors
We found evidence to support that the constructs of capability,
opportunity, and motivation were explored as described below.

Physical and Psychological Capability

Best Beginnings explored social norms, peer influence, and the
value of social support in sustaining breastfeeding. For example,
women were asked to discuss breastfeeding in the context of
their roles in their families, the presence or absence of support,
the influences of cultural values, and the impact of migration,
isolation, and loneliness. Peer and clinical support,
demonstrations, practice, and feedback were seen as important
to enable women to breastfeed. Perceived barriers, such as
difficulties positioning and attaching, low milk production
(physical capability), fear of failure, and anxiety/depression

(psychological capability), were identified as needing to be
addressed by the intervention functions (Multimedia Appendix
2).

Physical and Social Opportunity

Support was identified as the primary enabler for both physical
and social opportunity to breastfeed. Clinical/specialist, peer,
community, and technology supports (apps, social media, and
online resources) were documented as facilitators for
breastfeeding. Best Beginnings sought to understand
environmental factors that may help, interfere, or prevent
breastfeeding efforts. Economic barriers and the physical
environment were discussed, and there were several themes
related to challenges in finding a way to initiate and maintain
breastfeeding behaviors in the context of roles as employees,
mothers, and partners (Multimedia Appendix 2).
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Reflective and Automatic Motivation

Reviewed data demonstrated that motivation is best facilitated
by early planning, goal setting, and positive belief reinforcement.
Peer support normalizes the challenges of breastfeeding and
encourages self-determination. Best Beginnings documented
support as crucial to helping alleviate negative thoughts or low
confidence. Self-efficacy to change beliefs and habits, and low
health literacy barriers were explored to assess the ability of
individuals to act on health advice and planned care and to
uncover culturally specific values that may improve
interventions in specific target groups (Multimedia Appendix
2).

Stage Two: Identifying How Intervention Functions
Were Used

Step 5: Intervention Functions That Were Used
Intervention functions were able to be identified in the video
content for Baby Buddy, which included the lead information
and education resource within the app. The most common
functions were education, training, and modeling. Mapping of
the breastfeeding video content to the BCW (COM-B, TDF,
and intervention functions) is shown in Multimedia Appendix
2. Further analysis of each video containing breastfeeding
content (39 videos) is shown in Table 2. The complete analysis
of all breastfeeding items, including eight glossary words (“What
does that mean?”) and 20 Baby Buddy–generated responses to
breastfeeding questions (‘Ask me’), using COM-B, is shown
in Multimedia Appendix 3.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e25668 | p. 5https://mhealth.jmir.org/2021/4/e25668
(page number not for citation purposes)

Musgrave et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Mapping of breastfeeding video content to the Capability, Opportunity, and Motivation-Behavior (COM-B) tool.

MotivationOpportunityCapabilityVideo title

AutomaticReflectivePhysicalSocialPsychologicalPhysical

YesYesYesYesYesYesBreastfeeding as a young mum

YesYesYesYesYesYesA practical choice

YesYesYesYesYesYesFeelings about breastfeeding

YesYesYesYesYesNoWhat’s so good about breastfeeding?

YesYesYesYesYesYesWhat if I bottle fed before?

NoNoYesYesYesYesAsking for help to get started

NoYesNoYesNoNoWhat will my partner think?

YesYesNoNoYesYesYour first milk - colostrum

YesNoYesYesYesYesYour baby’s first feed

YesNoYesYesYesYesSkin to skin

YesNoNoYesNoYesGood positioning tips from a midwife

YesNoYesNoNoYesGetting the position right

NoYesYesNoYesYesGood positioning demonstration

YesYesYesYesYesYesKeeping your baby close

NoNoYesYesNoNoHow dads can help? - Lenny

YesYesNoYesYesNoBreastfeeding out and about

YesYesYesYesYesYesWhen and how often should I feed my baby?

NoYesYesYesNoNoHow dads can help? - Andy

NoYesYesYesYesYesWhere can I find support?

YesYesYesYesYesYesOvercoming mastitis

YesYesYesYesYesYesSupport from health professionals

NoYesYesNoYesYesSome common challenges

No NoYesNoNoYesGood and bad attachment graphic

YesYesYesYesYesYesBreastfeeding to a year and beyond

YesYesYesYesYesYesWhy breastfeed for at least six months?

YesYesYesYesYesYesBreastfeeding and weening

YesYesYesYesYesYesWhy express?

YesYesYesNoYesYesHow to hand express?

NoYesYesNoNoYesHow to use a breast pump?

NoYesYesNoYesYesExpressing when you’re back at work

NoYesYesNoNoNoStoring and using expressed breast milk

NoYesYesNoYesYesEarly challenges with expressing milk

YesYesYesYesYesYesYour breast milk

YesYesYesYesYesYesHow skin-to-skin contact can help you express?

NoYesYesYesNoYesUsing a breast pump

YesYesYesYesYesYesExpressing with a breast pump and storing your milk

YesNoYesNoYesYesColostrum - your baby’s first food

NoYesYesYesYesNoSigns your baby is ready to feed independently

NoYesYesNoNoYesBreastfeeding twins or triplets
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Step 6: Policy Categories That Were Used
Findings support that the Baby Buddy app and its embedding
process were designed to complement maternity and postnatal
health service and policy [28]. It has been endorsed by the
Department of Health, Faculty of Public Health, Royal Colleges
of Paediatrics and Child Health, obstetricians and gynecologists,
midwives, psychiatrists, speech and language therapists,
community practitioners, Health Visitors Association, and
Institute of Health Visiting. The content of Baby Buddy was
co-created with parents and in consultation with policy
stakeholders, for example, representatives from Royal Colleges
and the Department of Health. No content is uploaded to Baby
Buddy until representatives of all partners have given their
approval.

Stage Three: Identifying How Content and
Implementation Choices Were Made

Step 7: How Behavior Change Techniques Were Used
Identification of BCTs was achieved by applying the BCTTv1
to the content of the app. After each piece of content was
categorized using broad intervention categories, further analysis
was carried out to identify exactly which BCTs were used
(Multimedia Appendix 2). These were then documented and
specific details were given. For example, of the 39 videos in
the app, 19 (49%) addressed physical capabilities related to
breastfeeding and demonstrated positive breastfeeding
behaviors.

Step 8: Rationale For Using the Baby Buddy App as the
Mode of Delivery
The APEASE criteria were used to evaluate if Best Beginnings
had undertaken activities to ascertain acceptability,
practicability, effectiveness, affordability, safety, and equity
when moving breastfeeding content to a mobile app. The
evidence was analyzed and judged against the previous
DVD-based breastfeeding intervention, “Bump to
breastfeeding.” Baby Buddy met the APEASE criteria for a
viable digital intervention suitable for further testing,
development, and implementation (Multimedia Appendix 4).
In addition, it was noted that in transitioning from DVD to a
mobile app, Best Beginnings used the Kotter eight-step process
to guide implementation. Kotter methodology, developed for
change management, involves the following eight steps: (1)
creating a sense of urgency, (2) building a guiding coalition,
(3) forming strategic vision and initiatives, (4) enlisting a
volunteer army, (5) enabling action by removing barriers, (6)
generating short-term wins, (7) sustaining acceleration, and (8)
instituting change [31,32].

Discussion

Principal Findings
Baby Buddy maps retrospectively well to the BCW. This may
explain why there have been positive results in recent studies
[28,29]. Key factors that set the development of this particular
pregnancy app apart from many others are the genuine co-design
and the use of BCTs most obviously through the included video
content.

The use of participatory engagement and co-creation methods
in the development of Baby Buddy are two design techniques
that have positively influenced decision making, attitudes, and
self-efficacy concerning breastfeeding, particularly among those
who are socially disadvantaged and younger. We identified
several BCTs used in Baby Buddy that could assist women with
decision making around breastfeeding (eg, BCT 5.1 Information
about health consequences and 9.1 Credible source). BCTs that
influence attitudes and self-efficacy were also identified (eg,
BCT 5.3 Information about social and environmental
consequences and 13.2 Framing/reframing).

Strengths and Limitations
This study has several strengths. First, it was performed
independent of the development team, using a best practice
behavior change framework (BCW) as a guide. Second, content
mapping to the BCW was conducted by two independent content
experts (a midwife and a neonatologist). These two research
team members located in Australia were not employed by Best
Beginnings and did not have any financial incentive. Third,
retrospective alignment of the BCW tools and BCTs enabled
the research team to identify potential opportunities to use BCTs
for the future development of Baby Buddy to increase
effectiveness. Fourth, our study supports the work of Thomson
and Crossland who conducted a mixed methods evaluation using
the BCW to identify components that support infant feeding in
North West UK [29]. They identified peer support as a facilitator
for increasing mothers’ knowledge and building confidence
[29]. Finally, we also identified the use of peer-to-peer content
as beneficial for breastfeeding as it normalizes breastfeeding
and encourages self-determination. Baby Buddy has both of
these attributes in the content. Like the work of Crossland et al,
our study concluded that Baby Buddy is a supportive parenting
resource that could be scaled for impact [28].

A key limitation of this work is the retrospective application of
the BCW. Retrospective mapping of the BCW to the app
development process was complex and subjective, and relied
on Best Beginnings providing multiple development documents.
There was a large volume of qualitative reports supplied to us
from Best Beginnings that had been collected from many sources
and not presented with later academic review in mind.

Using the BCW has inherent coding, interpretation, and
application limitations. However, like other studies, we do
believe that there is benefit in “retrofitting” interventions to the
BCW even though it may have not been used in the design phase
[33-35]. Prospective analysis of the app development using the
BCW and scientific research would potentially result in a higher
quality behavior change intervention tool; however, Baby Buddy
was not primarily designed to change behavior and was rather
designed as a resource to inform and empower pregnant women.

A secondary limitation is that the evaluation tools we used were
designed for text rather than video content. From our assessment,
videos within an app appear to be a powerful influence to
support behavior change in breastfeeding. The videos take a
“show how” approach rather than a didactic “tell to” approach
and feature a mixture of experts, support parents, and
peer-to-peer voices. However, as the BCW tools were not
designed for video discourse analysis specifically, they may
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miss some of the nuances in video content (eg, gesturing, body
language, and tone). Our findings have identified potential areas
for improvement in future iterations of the app, and this is useful
information given that the app is constantly being improved.

Conclusion
Our work highlights that applying a theoretical framework
retrospectively to a mobile health app is possible and results in
useful information to understand potential health benefits and

to inform future development. To assess the true impact of
behavior change frameworks in the design of mobile health
apps, high-quality research that measures formative, process,
and clinical outcomes for health behaviors is needed. Further
development of Baby Buddy as a universal intervention to
reduce health inequalities requires robust prospective research
that considers effects on the rate and duration of exclusive
breastfeeding.
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CHAPTER 8: Summary and discussion of 

findings 

8.1 Introduction 

The overall aim of this thesis was to generate evidence to inform future best practices 

for developing mobile phone applications to positively impact the behaviours of women 

prior to and during pregnancy. This aim was achieved by using four research 

questions: 

1. What evidence is there available to support the use of mHealth apps in 

preconception and pregnancy? 

2. How do women get information about preconception and pregnancy health and 

what are their preferred sources? 

3. What is the quality of free publicly available mHealth apps in Australia and 

could they be used as an intervention to change behaviour? 

4. What does a good example of an mHealth app for pregnancy look like?  

The studies presented in this thesis were conducted in Australia where smartphone 

ownership is high [7]. A growing number of women globally are seeking health 

information from mHealth platforms. This presents an opportunity to reach women who 

are less likely to engage with healthcare providers. Recently, research has begun to 

examine the relationship between reproductive health, behaviour change prior to and 

during pregnancy, and app use. The findings from the studies in my PhD offer new 

contributions to this area that will interest women, clinicians, behavioural scientists, 

application developers, and digital health researchers.  

This chapter presents an overview of the findings with the key messages that arose 

from the thesis. These include the lack of evidence that supports the use of mHealth 

applications before and during pregnancy; that women prefer trusted information and 

access it through multiple sources of information including mHealth applications; that 

the highest rated pregnancy apps in Australia are not of high quality and most do not 

consider behaviour change in their design; and that behaviour change is more likely to 

occur if it has been considered in the design of the app. The strengths and limitations 

of the program of research are explained. Finally, the thesis ends with a brief 

conclusion.  
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8.2 Overview of findings 

8.2.1 What evidence is there available to support the use of mHealth 
apps in preconception and pregnancy? 

There is a lack of evidence to support the use of mHealth applications 
prior to and during pregnancy 

There is a lack of evidence on using mHealth apps as an intervention prior to 

pregnancy. Chapter 3 is a systematic review and meta-analysis of RCTs conducted to 

synthesise effectiveness of mobile phone apps in promoting positive health outcomes 

in the preconception period. This study contributes to the literature as the review 

confirmed that few RCTs (seven in total) have compared mobile phone apps with usual 

care. The trials that have been conducted do not demonstrate significant effects on the 

health outcomes that were specified by the triallists. This may be because the majority 

of app developers are commercial entities focused on potential profit, advertising 

revenue, or use of user data rather than improving health outcomes [171, 172]. App 

developers also may feel the pressure to develop products quickly to be the first to 

market; this race to innovate does not lend itself to prioritising quality or security of the 

apps being generated [173]. My review did not show short-term measurable outcomes 

and the studies included in the review scored moderately high in the risk of bias and 

very low quality in the GRADE assessment. Although the highest level of evidence for 

interventions, RCTs may not always be the ideal study design to answer questions 

related to the effect of mHealth apps on preconception and pregnancy behaviour 

change or show difficult to measure or longer-term outcomes, for example, sustained 

weight loss into the next pregnancy. RCTs are expensive to conduct, take a long time 

to complete, and are often difficult to recruit for [174]. They are traditionally randomised 

at the level of the individual whereas an mHealth intervention has the potential to be 

scaled across larger populations. Other study designs that consider these issues as 

well as implementation may be more appropriate, such as stepped-wedge cluster 

randomised trials.  

A recent example of a study that has used a stepped-wedge cluster trial for the 

implementation of a mobile phone app in pregnancy is the ‘My Baby’s Movement’ 

(MBM) trial [175]. This study aimed to evaluate the impact of a multi-layered awareness 

package, including an app, on stillbirth rates. Results from this study showed that the 

MBM intervention did not decrease stillbirth rates; however, over the course of the trial, 

there was a downward trend in stillbirth rates (26% over three years) [175]. Although 
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the primary outcome was not different between app users and the control group, there 

was a change between the groups in a sub-study [175]. There was a reduction in 

stillbirth across the 26 hospitals in the trial (by calendar year), which was higher than 

the Australian national data [175]. The authors suggest that this reduction could be 

due to increased attention to stillbirth prevention generally during the trial (Hawthorn 

effect) [175]. The authors state that despite low uptake of the MBM app, it does have 

the potential to raise awareness about fetal movements and motivate women to seek 

care if they are concerned. The MBM trial is a good example of how study design is 

important when assessing complex interventions that are introduced over time. When 

an intervention has evidence to support its use, or the intervention is a change in 

service delivery, stepped-wedge cluster trials may be an appropriate study design; this 

was the case with the MBM trial [175]. Other methods that can explore in more detail 

user attitudes and behaviour change should also have a place when evaluating apps 

designed to change behaviour, such as mixed-method and embedded surveys [176].   

Although we did not find any RCTs that showed an effect on health outcomes between 

mHealth and standard care groups, this does not necessarily indicate that apps are 

not an effective intervention per se, as “absence of evidence does not mean evidence 

of absence” [177]. Instead, our findings indicate that further research is needed with 

particular attention focused on trial design and methods to answer complex questions 

related to multifaceted problems. Hybrid effectiveness-implementation designs which 

combine elements of clinical effectiveness and implementation research have the 

potential to enhance public health impact [178]. Clinical interventions that have robust 

face validity and are being tested in a new setting, in a new population or being 

delivered differently, could be tested using a hybrid study design. Intervention ‘bundles’ 

are also well suited to this design.  

Even though we used a comprehensive search strategy, the studies found focused on 

anthropometric and biochemistry measures rather than on long-term outcomes that 

show sustained behaviour change. Studies found assessed behaviour change using 

measures of weight, adiposity, blood pressure, HbA1c, and fasting lipid profiles. 

Nutrition, exercise, sedentary time, and change to smoking and alcohol intake were 

measured using self-assessment tools. These measures are easy to collect, routinely 

done as part of standard care, and therefore cost effective for the researchers. Often 

data collection platforms are also embedded in care and therefore it is logical as to 

why they would be used by researchers. However, if behaviour change models were 

used, this may have yielded more meaningful and sustained results, as in the case of 
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the PEARS study [140] and Healthy Mom intervention study [144]. There was limited 

evidence of the use of behaviour change theory in designing interventions. Findings 

from this study not only confirmed the lack of high-level research around mHealth 

intervention for preconception, but also further highlights the lack of knowledge about 

behavioural change by those designing studies. 

8.2.2 How do women get information about preconception and 
pregnancy health and what are their preferred sources? 

Women prefer trusted information and access it through multiple 
sources including mHealth applications  

Findings from Chapters 4 and 5 showed that women seek information from different 

sources but prefer information to come from health care professionals. This new 

knowledge from Australian women showed that participants preferred information from 

healthcare professionals to learn about actions to take and recommendations for 

preconception and pregnancy health, particularly related to dietary advice and 

investigations. Women stated that they preferred to receive preconception and 

pregnancy advice from healthcare practitioners (69% and 76% respectively). In terms 

of women’s request for new resources, a checklist was identified as the most useful, 

both preconception and in pregnancy (23%). 

Checking immunisation status and optimising mental health were rated as equally 

important actions preconception (65%) and during pregnancy (78%). Both 

preconception (36%), and during pregnancy (38%), sedentary activities were not rated 

as an important action. Interestingly, this information is often driven commercially 

through pharmaceutical companies (for example, folate supplementation) and 

diagnostic screening companies (for example, ultrasound assessment and non-

invasive prenatal testing [NIPT]) [179, 180]. Successful primary health care messaging 

also contributes to the uptake of recommendations, particularly if peak bodies give 

endorsement and large scale campaigns are conducted [181]. Public healthcare 

messaging is an effective way to convey trusted information and our findings of 

women’s knowledge related to immunisation and optimising mental health reflect this. 

However, this was not the case for knowledge of lifestyle recommendations and the 

impact of weight on preconception and pregnancy outcomes. Reducing sedentary 

activities was not rated highly by either group of women; however, they demonstrated 

sound knowledge about the impact of weight gain on their own health, but not 

regarding serious outcomes for babies such as preterm and stillbirth. This new 
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knowledge is important for clinicians to know as it shows that despite study participants 

being highly educated and accessing multiple sources of information, there were gaps 

in knowledge around weight. These findings were unexpected and begged the 

question if the knowledge level is low for educated women, then what knowledge do 

those less educated women have? This is an important question for researchers to 

consider when designing study interventions. This new knowledge may also be useful 

for practice change when considering assumptions that we make about knowledge 

and topics that we cover in antenatal care and classes. This may be secondary to 

several reasons, including lack of information provided by healthcare providers, 

stigmatism around weight [182], and incorrect knowledge about recommendations 

(‘eating for two’) [183]. Information about weight gain recommendations provided by 

health care providers is often perceived by women as inadequate [184]. This may be 

because health care professionals do not feel confident to provide counselling or 

practical strategies to manage weight [184, 185] or they do not have enough time in 

the consultation to address complicated health issues [186]. Taking a life-course 

approach to reproductive health and scaling up public health messaging about the 

impact of sedentary lifestyle on preconception and pregnancy maybe one way to shift 

attitudes. Public health care messaging has been successful in reducing smoking and 

alcohol intake in pregnancy, however it needs to be combined with primary health care 

support services and education of healthcare providers.   

Future research needs to address the barriers to the provision of health information 

related to weight and exercise in the primary health care and hospital setting. 

Acceptable strategies for both healthcare professionals and women should be 

designed, tested, and implemented. Messaging in women’s health is complex and our 

findings demonstrate that trusted sources of information are preferred. Ideally 

messaging should be reinforced by health care providers across many sources of 

information, including mHealth. 

My qualitative work (Chapter 4) built upon the survey findings in more depth and gained 

some important insights. Four themes emerged: 

1) Seeking reassurance about pregnancy and wellbeing,  

2) sourcing information,  

3) barriers to receiving health information; and  

4) using technology to access information.  

The findings suggest that pregnancy information resources available in Australia may 
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not necessarily reflect the true needs of women. However, my sample size was small 

and therefore results cannot be generalised to all women. Women are accessing 

mHealth for many different reasons including to gain information, peer support, and 

compare lived experiences. With high smartphone ownership in Australia we have the 

opportunity to co-create evidence-based apps that put women’s needs at the centre of 

intervention design. Well-designed apps could provide a convenient one-stop shop for 

all a woman’s information needs and also bring an end to general browsing or 

‘Googling’ to find the information.  The ability to have a portal to endless information 

24/7 has many benefits, but women want this information to come from health care 

professionals or to have been endorsed by them.  

To achieve acceptable and comprehensive pregnancy information, mHealth needs to 

be co-created with women and healthcare professionals. Creating a resource that is 

supported by healthcare professionals and embedded into care may address the 

concerning trend of women seeking poor quality advice from the internet. The inclusion 

of a health professional moderated online forum into apps may also bridge the waiting 

period between when women see a healthcare professional [187].  

A developed app intervention would need to be trialled with pre-specified outcome 

measures incorporated to demonstrate acceptability to both women and healthcare 

professionals. 

8.2.3 What is the quality of free publicly available mHealth apps in 
Australia and could they be used as an intervention to change 
behaviour? 

The highest rated pregnancy apps in Australia are not of high quality 
and most do not consider behaviour change in their design 

Findings from the survey (Chapter 4) showed that women used mHealth often to 

source information about both preconception and pregnancy, however, they preferred 

to get information from healthcare professionals. This use of mHealth by women to 

search for information was explored in greater detail when we conducted focus groups 

(Chapter 5). This exploratory study showed that women use a range of mHealth 

resources including search engines, apps and websites and although they found that 

there where many benefits, they acknowledged that there were several problems, 

including the quality of information provided. In Chapter 6, we discovered that the most 

downloaded, highly star-rated pregnancy apps that are freely available in Australia are 
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suboptimal in quality and in practical and functional features (Chapter 6). To the best 

of my knowledge, this is the first study to undertake this type of analysis on pregnancy 

apps in Australia and therefore this is valuable knowledge particularly for clinicians and 

those who intend to design mHealth interventions for Australian women. This 

knowledge could also be useful in the context of lobbying for evidence-based mHealth 

interventions co-created with women and clinicians. To do this, I used the  Mobile App 

Rating Scale (MARS) tool [10]; this is a validated tool that evaluates five dimensions 

of mobile apps (engagement, functionality, aesthetics, information, and subjective 

quality) [10]. The evidence presented in Chapters 4, 5 and 6 clearly shows that there 

is a mismatch between what women want (high quality mHealth resources that are 

evidence based) and what is currently available on the Australian market. Although the 

quality assessment presented in Chapter 6 showed that most apps are of poor quality, 

we did not assess for usefulness. Future research could include an in-depth analysis 

of which features of the ‘top 10’ apps are valued by women. These findings could then 

add to the co-creation of an evidence-based app.  

Of greatest concern was the lack of high-quality evidence-based content in the most 

popular apps. The development of a  review process to endorse apps, similar to the 

NHS Digital Technology Assessment Criteria (DTAC) [188], could be developed in 

Australia and embedded into digital health services supported by the Australian 

government. The Digital Technology Assessment Criteria for health and social care 

(DTAC) is designed to be used by healthcare organisations to assess digital 

technologies to make sure that they meet health information standards. This helps 

provide staff, women, and citizens with advice about which digital health tools meet 

clinical safety, data protection, technical security, usability, and standards. 

8.2.4 What does a good example of an mHealth app for pregnancy look 
like? 

Pregnancy apps that are co-designed, evidence-based and developed 
using validated frameworks are more likely to positively impact   
behaviour changes 

The design of an app is one of the most important factors that must be considered 

when developing behaviour change interventions. My final study was an analysis of 

the development of Best Beginnings' mobile phone app Baby Buddy (Chapter 6). This 

unique retrospective mapping study contributes to the body of evidence related to the 

use of behaviour change theory to inform mHealth interventions for women and could 
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be used by mHealth designers and researchers. This app was selected for in-depth 

assessment as it has been evaluated based on the NHS evidence standards 

framework and included in the NHS App Library. Considering the similarities between 

the Australian Medicare public healthcare system and the United Kingdom's National 

Health Service (NHS), I hypothesised that the incorporation of BCTs into Baby Buddy 

may have influenced the positive effects on breastfeeding self-efficacy, knowledge, 

and confidence [12], and if so, these elements could be relevant to the Australian 

context.  

In this study, I found that the use of participatory engagement and genuine co-design 

positively impacted on the design of Baby Buddy. Although Baby Buddy was not 

designed using a theoretical framework such as the behaviour change wheel (BCW), 

there were BCTs incorporated into the app. Using the BCW framework to 

retrospectively map app content assisted with clear identification of BCTs that are 

known to positively impact on decision making and attitudes, such as information about 

health consequences and the use of credible sources. The use of videos to deliver 

content was a key component of the app. It was clear from our analysis that using a 

blend of peer-to-peer and experts to deliver information via film was a strength and 

enhance behaviour change messaging. Using visual content has increased in 

popularity and is a powerful tool to evoke emotion, create a sense of belonging, and 

bridge social and cultural barriers [189]. Harnessing both film and incorporating BCTs 

in app design should be considered in the future as they could influence self-efficacy 

and influence decision making, particularly for those who are socially disadvantaged 

or younger. Applying the BCW is a useful design strategy for future pregnancy apps 

for the Australian maternity cohort intended to be incorporating into the traditional care 

available in the Australian maternity healthcare setting.  

8.3 Strengths  

There are several strengths of the research presented in this thesis. I used a 

systematic approach and a variety of sources from women’s health, digital health, and 

behaviour change literature to inform my research. The studies were conducted at a 

time when health care pivoted quickly to digital technologies to provide maternity care 

and therefore provides timely information for a system transitioning to mHealth. Using 

a mixed-methods approach strengthened my understanding of how women not only 

get information, but the barriers and the enablers involved in sourcing and accessing 

information. 
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A strength of the systematic review and meta-analysis was the wide search strategy 

used.  We did not limit our search by language or use search filters that would reduce 

eligible studies. Authors from ongoing studies were contacted via email and asked for 

an update regarding study progress and preliminary results. Three independent 

authors conducted the study identification inclusion, data extraction, and risk of bias 

assessments. 

Focus groups and the survey together strengthened my findings about women’s 

access, use, and preferences for mHealth through in-depth exploration, and I was able 

to tease out very practical suggestions that women offered to improve provision of 

information in a health care service that provides fragmented care. The survey was 

developed using scales and validated tools, and open text fields were used so that we 

could explore other actions related to seeking information and care. Furthermore, we 

asked questions based on the most used and recent Australian preconception and 

pregnancy guidelines and the evidence about the impact of weight on maternal and 

neonatal outcomes. The survey was also reviewed and tested by healthcare 

professionals and women living within the health district and distributed online using 

known networks.  

The use of methodological processes to identify and review high-quality apps in 

Australia was also a strength. The study used two validated tool, the Mobile App Rating 

Scale (MARS) [10] and the Coventry, Aberdeen and London-Refined (CALO-RE) 

taxonomy [11]. The use of these tools assisted us in analysing the ‘Top 10’ pregnancy 

apps in Australia. We were also able to perform a comprehensive examination of the 

quality of content of the apps for breastfeeding, maternal monitoring of fetal 

movements, and weight. Another strength was the wide inclusion criteria used to 

identify apps.  

Our retrospective analysis of the development of Baby Buddy utilised the BCW 

framework to understand whether the incorporation of BCTs might have impacted on 

the demonstrated benefits in breastfeeding outcomes. The strength of using this 

framework was that we could systematically dissect key components using 

documentation from Best Beginnings to understand in depth the range of behaviour 

change techniques and strategies used to develop the app content. Intervention 

functions that were used included education, modelling, training, persuasion, 

enablement, environmental restructuring, and incentivization.  Another strength was 

that I was able to be objective in my analysis as a content expert not located or 
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employed by the NHS or Best Beginnings. Being a midwife with no preconceived ideas 

about Baby Buddy strengthened my findings as I was able to engage deeply in the 

content and critically analyse. This also enabled me to convey my final findings to Best 

Beginnings in a useful and contextualised way and offer insights for development of 

future content.  

Finally, rather than identify specific subgroups of women, I aimed to find evidence that 

reflected the diversity of communities and could therefore be applied to all women of 

reproductive age in Australia. It represents an example of real-life pragmatic research 

that has the potential to influence policy, interventions, and new tools that women can 

use. This thesis also has the strength of collaboration and involving collaborators with 

varying levels of expertise (midwifery, public health, neonatology, obstetrics, dietetics, 

and reproductive health). A unique perspective and a broader approach to the research 

were provided by both national and international research collaborators (UK) and 

industry partners (Best Beginnings). 

8.4 Limitations 

The most significant limitation of the studies presented is the challenge of working 

within a rapidly evolving nature of mHealth technologies. The knowledge generated 

from this thesis assists in understanding the current landscape of the use of mHealth 

in reproductive health. It contributes to the knowledge of using apps as an intervention 

to change behaviour; however, some of our findings may become redundant in the 

future. To overcome these limitations, I repeated the original analysis of the systematic 

review of the most popular apps in Australia (Chapter 6) and also ran the exploratory 

qualitative study at two different time points. Although my systematic review and meta-

analysis (Chapter 3) included recently published RCTs and had a published protocol, 

it is not a dynamic or living review. In this rapidly changing area, such “living” reviews 

or guidelines allow regular updating of evolving evidence (e.g., COVID-19 living 

guideline taskforce) [190]. 

The systematic review (Chapter 3) was also limited in terms of meta-analysis because 

different outcome measures were used in the studies included, making comparison, 

pooling of data, and reporting difficult. Furthermore, the studies in this thesis were 

conducted pre-COVID-19; since the pandemic, significant changes have occurred to 

the way we access and use technology for healthcare [191]. The review has however 

demonstrated a lack of clinical trials assessing health outcomes for apps used in the 

preconception period and highlighted areas for future research. 



142 

There are inherent limitations with the survey study design and data collection online 

(Chapter 4). There is a greater risk of sampling and selection bias when using an online 

sample and the true representation of the population is difficult to qualify [192]. 

Intentionally, we wanted to reach a variety of people, and know that reproductive aged 

women access most information online in some way. However, this method can also 

be problematic as participants may share the survey with other like-minded people 

who have similar characteristics, which can lead to selection bias [192]. Additionally, 

as the responses were self-reported, it was possible that participants accessed 

materials to inform their responses, particularly as the survey was conducted online 

with easy access to resources. Outsourcing the survey distribution to a polling 

company would have reduced sampling and selection bias. This approach, however, 

requires substantial funding which was not available. Additionally, the questionnaire 

contained potential risk factors, which may have impacted our findings as the mere 

mention of these factors may have prompted participants to respond differently. To 

manage this risk, we measured participants’ anxiety and therefore we could have 

explored this phenomenon if it had occurred. 

The exploratory descriptive study conducted using focus groups (Chapter 5) had a 

small sample size of women receiving care in an urban hospital setting. This sample 

of women may have been different to the participants who completed the online survey; 

for example, they may have had different access to health care services. Although a 

limitation, it gave a useful comparison of the different perspectives of women who had 

different health and information needs. Additionally, the data collected was ample to 

gain saturation and clearly identify themes to answer the research question “How do 

women get information about pregnancy health and what are their preferences?” 

(Question 2). The focus group participants were all attending a public tertiary referral 

hospital in Sydney, NSW, and therefore our findings may not be generalisable to all 

pregnant women or to those women attending alternative models of care such as 

private obstetric or midwifery care. 

With rapidly evolving technology, it was difficult to capture all popular and highly rated 

apps in our analysis of free pregnancy apps available in Australia (Chapter 6). 

Searching for pregnancy apps across iTunes and Google Play is problematic as 

different search terms are used for each platform and the databases are significantly 

different in functionality. This made ascertainment of the “Australian top 10 pregnancy 

apps” difficult. However, the same methodology has been used effectively in other 

studies  [193, 194]. A further limitation of this study was the constantly evolving nature 
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of addition and removal of apps. To address this issue, I conducted a comparative 

analysis at two time-points (two years apart) and assessed the ongoing quality and 

popularity of the ‘Top 10’ apps. My second analysis showed that nine of the ten apps 

were still available in both app stores at the second time point, demonstrating that well 

used/popular apps may be more sustainable in this competitive environment. 

Applying the BCW retrospectively to Baby Buddy (Chapter 7) was a complex and 

subjective process. ‘Retrofitting’ a tool designed for designing, implementation, and 

evaluation to a fully developed app and project was unique and lessons were learnt; 

however, it was complex to undertake. Dependence on the developers of Baby Buddy, 

located in the UK, to provide all documentation of the development and formative work 

for Baby Buddy to the independent evaluation team had the potential to create bias. 

This is secondary to not knowing with certainty whether 100% of the documentation 

was received. However, over the period of the project, we built a trusting relationship 

with the charity; in addition, many of the development reports were publicly available 

via their website, so it is unlikely that important documentation was missed. It is also 

important to note that although documentation was provided, the mapping, analysis, 

and conclusions from this study were independent of the Best Beginnings Team. 

From a physical mapping perspective, there were inherent coding, interpretation, and 

application limitations of applying the BCW. The BCW taxonomy is designed to be 

used for text rather than video content. In our study, I analysed the voice to text using 

the functionality in the Baby Buddy app. Although I was able to achieve a thorough 

analysis of the text, I could not capture the behaviour change techniques that were 

being displayed through facial expressions, gesturing, tone, or body posture, as these 

elements were not incorporated into the tool. I was therefore limited to how I could 

document the approach of ‘show how’ rather than the didactic ‘tell to’ approach. 

Although this was a limitation, the analysis was still valuable and demonstrated that 

the videos were the most useful component. Future research in this area would benefit 

from the use of specific tools designed to analyse film content which would make data 

collection and interpretation easier.  

8.5 Directions for future research and practice 

Future research questions should focus on the role of mHealth in increasing 

consistency and quality of information for women during their reproductive years and 

whether mHealth creates efficiencies for healthcare providers. Issues such as 

accessibility to mHealth, engaging stakeholders as co-designers, developing 
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evidence-based content, regulation of mHealth, using behaviour change theory, and 

sustainability of mHealth interventions will be addressed in the context of planning and 

delivering maternity services.  

8.5.1 Accessing mHealth in Australia 

My research focused on the characteristics, uses, and best practices of mobile health 

interventions, but free access to healthcare is at the heart of providing healthcare to all 

Australian women. Globally, the reach of mHealth has been a success story; however 

as stated in the Lancet in 2019, “an increasingly digitised world risks leaving 

marginalised people behind” [195]. Although mHealth may have the potential to 

support increasing progress toward equity, it can also amplify and exacerbate health 

inequities. Greater use of digital technologies has been identified as a catalyst for 

progress towards sustainable development goals (SDGs) [195]; however, there are 

several barriers to accessing technology in Australia, including environmental, 

financial, and social factors. One of the greatest challenges for the advancement of 

technology to all areas of Australia is simply its geography.  

8.5.1.1 Equity of access to mHealth across Australia 

In land mass, Australia ranks sixth in the world; with a large land area and most citizens 

living on the east coast, isolation is a major challenge for the country. It is often due to 

the large expanse of land that technology is not available at all, is only available in 

certain areas, or is only available in a particular manner. Another common barrier to 

technology adoption is the technology is not affordable and often requires continuous 

and expensive upgrading. Prioritising access to digital technologies and prevention of 

digital exclusion needs to occur across Australia. To ensure that women can choose 

the care that meets their specific needs as governments transition to mHealth, it is 

imperative that Internet access is treated as a universal right [196, 197] and that 

traditional models of care continue alongside the use of digital methods. Those who 

choose to access this remote care should not be disadvantaged and maintain the same 

right as those accessing other models. Investing in programs that upskill clinicians to 

develop, implement, and sustain mHealth solutions is also an important component in 

this evolution. To support the move to digital healthcare, the WHO has developed an 

open-source platform, the ‘Digital Health Atlas’. This platform would be helpful to move 

forward with the digitalisation of health in Australia as it aims to support governments, 

technologists, implementers, and funders to better coordinate digital health activities 

and provide resources for best practices in digital health.  
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Essential to the provision of universal healthcare is a commitment by the Australian 

government to provide equal opportunity to access care no matter your location. 

Australia is more likely to achieve universal health coverage by taking an approach 

based on human rights and ensuring that every woman has equal, barrier-free access 

to healthcare, regardless of her social position or circumstances [198]. Despite 

significant efforts by policymakers and health leaders to provide fair and equitable 

healthcare, this issue remains unresolved, particularly in remote and rural communities 

[199]. With the expansion of the National Broadband Network (NBN) and growing 

coverage of the 5G network, Australians are now more likely to be able to access 

mHealth resources [7]. Therefore, the integration of mHealth into current services is 

possible, not to replace current services, but to strengthen and meet gaps in service 

provisions such as timely information, education, and support. This is potentially a cost-

effective solution that could be embedded into both preconception and maternal care 

pathways and has been explored globally [200-202]. 

8.5.1.2 Socio-economic factors and mHealth access 

Promoting and implementing healthy habit interventions using behaviour change is 

challenging. To provide equitable healthcare, socioeconomic factors such as income, 

employment, housing, and education need to be addressed so that technology can 

serve as a platform for change. It is also essential that behaviour change interventions 

are designed to balance the benefits of both the individual and the population as we 

all have a right to self-determination. When it comes to behaviour change interventions, 

the ideal intervention provides women with the necessary tools they need to make the 

best decision for themselves, while also allowing them the freedom to make their own 

decisions. One of these tools is evidenced-based information; however, not everyone 

can access this information, as English may not be the primary language. 

Health outcomes and education are interlinked. Evidence for causal links between 

education and maternal and child health has been published in a systematic review by 

Mensch et al. (2019) [203]; findings from this review showed significant effects of 

maternal education on infant and child health outcomes. Higher educational attainment 

is associated with higher health literacy [204]. When developing behaviour-change 

interventions for healthcare, they need to be able to be tailored to the individual 

woman’s needs with health literacy strategies adopted. There are several ways of 

doing this; for example, integration of translation and text to voice software, reducing 

the amount of text information, using large clear fonts, provision of glossaries and links 

to culturally appropriate resources, and the use of real-life images and videos that are 
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multicultural and diverse. 

8.5.2 Engaging women as co-designers and co-creators in mHealth 
interventions  

Digital behaviour change interventions (DBCIs) can be highly personalised, interactive, 

and deliver information in a way that is engaging and rewarding. DBCIs also have the 

potential to elicit, record, and use responses to adapt to a woman’s needs [63, 205]. 

The design, creation of resources, implementation, and sustainability of mHealth 

interventions can be complex and requires input from all stakeholders at all stages; it 

is difficult to match the needs, values, and resources of both healthcare professionals 

and women, and so they need to work closely together. To improve healthcare quality, 

this design methodology involves letting go of a preconceived view and listening to 

different perspectives in order to understand each individual’s reality as unique but 

complementary to others [206]. Co-designing health interventions can help uncover 

the various layers to a problem and encourage inclusivity. Often, interventions are 

designed for a homogeneous group without understanding their differences. For 

instance, some cultural groups are less likely to interact with health services for a 

variety of reasons. [207]. Not only does co-design make health interventions more 

inclusive, but the process encourages the voices and perspective of those who may 

be traditionally excluded. Co-design also helps overcome knowledge gaps and helps 

to acknowledge the strengths and weaknesses of a present service by valuing lived 

experience; this is crucial in mHealth when there is minimal data available to inform 

design [207]. True co-design helps to shift the power dynamic and empower women 

to contribute to designing their care. Traditionally women have been passive recipients 

of healthcare that is practice-driven rather than woman-centred. Women require equal 

decision-making power across mHealth projects; this is particularly important during 

the implementation and sustainability phases, as these stages support long-term 

outcomes. Ideally women should also be co-producers and co-creators and work with 

key healthcare professionals from both primary health care settings and the hospital 

setting, which would also be beneficial for implementation and sustainability. 

Our findings support the recommendation that co-design is important and valued by 

women. Results from the survey and focus group chapters showed that women value 

having the opportunity to put forward ideas about how care should be designed and 

what they value in both the delivery and content of healthcare. A recent European 

literature review on co-design for digital solutions by Sanz et al. [208] included 20 

papers and suggests the four following recommendations:  
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a) involve patients, health professionals, and managers from the beginning of the 

digital solution idea;  

b) combine co-design activities (i.e., workshops with interviews);  

c) combine sessions addressed to only one target group with mixed sessions 

involving different target groups (i.e., patients and health professionals); and 

d) add a session to test the device prototype with real users.  

Additionally, if these activities are held online, this may increase the number and 

diversity of participants [209].  

Online co-design can also help create a neutral zone as maternity care and women’s 

healthcare hospital settings could potentially make women feel alienated [209]. The 

online space can also help to flatten hierarchies, be more democratic, and give safe 

spaces for participants to voice opinions and ideas via breakout rooms, polls, and chats 

[209]. However, if not done correctly (i.e., not sufficiently inclusive), co-design can 

further marginalise already under-represented women. 

8.5.3 Regulation and quality control of mHealth interventions  

Regulation and quality control have become increasingly complex due to the growing 

use of digital health and internet access for support and advice [210]. With the rapid 

adoption and increased reliance of mHealth solutions, there is now a greater need to 

establish regulation that not only protects women’s data but protects them from 

hazardous content [211]. Poor quality information can contribute in a negative way to 

decision making about health, which can lead to poor outcomes for women and 

newborns. The content of low-quality apps is often not grounded in the latest research 

or is difficult to understand; therefore, regulation of app content is necessary if apps 

are to be used in addition to traditional maternity care settings. As governments move 

towards developing policies and strategies that call on women to be involved in self-

managing their health, it is important that a rigorous process be developed to regulate 

mHealth interventions, particularly content. This involves increased self-monitoring 

[212], which includes the use of technology, [211]. Although self-monitoring can lead 

to women feeling like they have more control over their decisions, if the information is 

inaccurate and unreliable, it could lead to unsafe decision making. 

In Australia, there has been a lag in the production of evidence-based app resources 

by healthcare services [213]. This is potentially due to allocation of resources to other 

digital health solutions such as infrastructure and projects such as digital health 
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records, particularly during the COVID-19 pandemic. The current state of mHealth has 

many reproductive and pregnancy health apps produced and driven by commercial 

interest. This has commodified reproductive health and exposed women to data and 

security risks. One way to regulate content is create a national registry of endorsed 

mHealth apps that are not only linked to guidelines and frameworks but have been 

assessed using existing tools to scientifically grade evidence and critically appraise 

resources. Critical appraisal tools such as the Evidence Based Medicine toolkit (EBM), 

GRADE, and Critical Appraisal Skills Programme (CASP) are examples of existing 

instruments that could be adapted for mHealth assessment. In the UK, recommended 

apps are accessible throughout the NHS website and are selected by clinical policy 

teams within NHS England. All apps meet the required technical and clinical safety 

standards and are approved by experts. The UK Digital Technology Assessment 

Criteria for health and social care (DTAC) is designed to be used by healthcare 

organisations to assess suppliers at the point of procurement or as part of a due 

diligence process, to make sure digital technologies meet minimum baseline 

standards. For developers, it sets out what is expected for entry into the NHS and 

social care, including inclusion of behaviour change theory in the digital tool [214]. This 

framework could be replicated in Australia and be regulated by the Australian Health 

Department. As Australia’s health care system closely resembles the UK NHS (a 

publicly funded entity), adoption of guidelines and frameworks would be feasible if 

supported by stakeholder panels including researchers, clinicians, and women. 

8.5.4 Implementing and sustaining mHealth interventions prior to and 
during pregnancy 

Pre-conception and pregnancy are very distinct periods in a woman’s life; therefore, 

different approaches to mHealth interventions may be needed at these life stages. 

mHealth interventions that seek to change behaviour need to consider an individual’s 

capacity, opportunity, and motivation in their design. The findings of our systematic 

review study concur with those of Daly et al.’s (2018) [20] review of pregnancy apps, 

in that we cannot recommend the general use of apps due to the lack of evidence 

regarding benefit on health or behavioural outcomes. To improve consistency and 

enable comparison of mHealth interventions, the development of a standard set of 

preconception and inter-conception ‘mHealth measures’ would be beneficial. Having a 

standard approach would help not only in measuring outcomes but may also contribute 

to the future design of these interventions. We recommend that future research use 

apps that are well-designed and critically appraised. Researchers should also use 
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apps that meet ‘best-practice’ for mHealth interventions, those with all the necessary 

attributes from both a scientific and behavioural change perspective. We believe that 

apps could be used as an adjunct to maternity care; however, substantial leadership 

and investment needs to occur at all levels of health for this to be possible.  

A high quality mHealth intervention that delivers superior content is not enough to 

sustain behavioural changes and achieve measurable outcomes for mothers and 

babies. Tailored mHealth interventions need to be combined with clinical care models 

that align with women’s preferences for their most used and most trusted sources of 

information. For example, embedding mHealth into midwifery-led models of care could 

be an effective strategy.  Midwifery-led continuity of care is a relationship-based model 

that places women as the experts of their bodies and lives, and is linked to positive 

health outcomes for both women and their babies and increased maternal satisfaction 

with care provision [215, 216]. Midwives could tailor the mHealth tool to the needs of 

the woman and personalise the support.  

The use of social media interaction, forums, blogs, realistic avatars or photorealistic 

computer-generated images, and video steaming are all possible ways to connect with 

women using mHealth. Upskilling of maternity staff in new technologies and integration 

is essential if mHealth is to work alongside care. This may involve the creation of new 

mHealth maternity roles such as app development teams and midwifery consultants 

and educators to develop, embed, and evaluate mHealth resources and the training of 

staff. To do this, there needs to be a rethink of how we educate our future workforce 

in digital health and adjust curricula to reflect skill gaps and provide ongoing training to 

staff [217].  

8.6 Conclusion 

This study has generated evidence that could be used to inform the design, 

development, and evaluation of preconception and pregnancy-specific mHealth 

behaviour change interventions. Several areas for future research have been 

identified. Australian women have greater access to digital health post-pandemic, and 

there is now a greater need to look towards the future and align mHealth with 

established models of care. Although there are many benefits associated with 

mHealth, such as increased access and potential to reach those less likely to engage 

in traditional care, there are also some risks and these need to be managed. The 

biggest risk is inaccurate or poorly designed content. This can be addressed by 

leadership from healthcare professionals and improvement in regulatory practice. For 
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women to be able to feel confident in resources available, it is important that they be 

involved in all levels of development and embedding into models of care.  

To ensure that women continue to receive evidence-based care through all modes, it 

is important that financial resources be dedicated to the development, regulation, and 

endorsement of mHealth. At all stages of development, high quality mixed-methods 

research needs to be conducted so that we can measure outcomes and adapt 

interventions and resources that positively impact on outcomes for mothers and their 

babies quickly. We strongly believe that prospective projects should be 

multidisciplinary, including social scientists and involve both industry and women of 

reproductive age. These projects ideally should be international and work within a 

globally recognised framework; this would be useful for assessing mHealth solutions 

in different contexts and assist with adaptation. Co-design, sustainability, and 

implementation are key and, if meaningfully addressed, will help to bridge the gap 

between health authorities, women, and mHealth developers [2]. 
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APPENDIX A 

Appendix A1: Published protocol 
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meta-analysis
Loretta M. Musgrave1,2* , Caroline S. E. Homer3,4, Nathalie V. Kizirian1 and Adrienne Gordon1,2

Abstract

Background: Many of the adverse outcomes experienced by mothers and babies are directly related to the health
of the woman prior to pregnancy. This preconception period is a unique window of opportunity when women are
often more motivated to optimise health and change their lifestyle in preparation for pregnancy. Several risk factors
in the preconception period can contribute to adverse perinatal outcomes. These risk factors can be divided into
three broad areas: biomedical, social and environmental. Mobile phone applications as a behaviour change
intervention have the potential to address these risks through supporting the provision of information, healthier
lifestyles and informed decision-making. The aim of this systematic review is to assess the effectiveness of mobile
phone applications in promoting behaviour change and improving long-term outcomes for mother and babies, in
women of reproductive age.

Methods: This review will include trials that assess any mobile phone application (app) that assist women of
reproductive age to optimise health behaviours. Randomised controlled trials, quasi-randomised controlled trials
and cluster-randomised trials will be included. The search strategy will use both MeSH and keyword combinations
to search databases including the WHO Global Health Library, CINHAL, The Cochrane Library, Embase and MEDLINE
for relevant studies. Retrieved citations will be screened independently by two authors to assess eligibility. Studies
will be selected only if the intervention was commenced prior to pregnancy. Comparisons will be made including
mobile phone applications versus text messaging-based communications or paper-based, face-to-face or telephone
conversations and standard care or no specific intervention. The Cochrane Handbook for Systematic Reviews of
Interventions will be utilised to assess the quality of included randomised studies. Primary and secondary outcomes
will be compared and analysed. Results of the review will be reported using the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols (PRISMA-P) guidelines.

Discussion: This systematic review is the first to assess the effects of preconception mobile phone app behaviour
change and educational interventions in improving future pregnancy and maternal and child outcomes, in women
of reproductive age.
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Background
Positive or adverse outcomes for mothers and babies are
often directly related to the health of the woman prior
to pregnancy. The preconception period is a unique win-
dow of opportunity when women are often more moti-
vated to optimise health and change their lifestyle in
preparation for pregnancy. Positive changes have the po-
tential to impact on the woman’s health as well as the
health of the next generation [1, 2]. The focus of the sys-
tematic review is women of reproductive age, whether
they plan to get pregnant or not. Generally all women
can benefit from key preconception health lifestyle and
behaviour changes such as getting more physically ac-
tive, healthy eating, losing weight, quitting smoking, and
alcohol and substance use reduction. Lifestyle and be-
haviour changes that reduce the risk of illness and dis-
ease are also beneficial for planning for pregnancy [3].
The Centers for Disease Control and Prevention

(CDC) defines preconception care as any intervention
that aims to detect and change biomedical, behavioural
and social risks to a woman’s health or pregnancy out-
come through preventive primary health care and man-
agement [4]. Several preconception risk factors may
contribute to adverse perinatal outcomes. These can be
divided into three broad groups: biomedical, social and
environmental.
Biomedical risks include weight (under and over-

weight/obese); malnutrition, chronic medical condi-
tions such as diabetes and hypertension, infectious
diseases such as sexually transmitted infections, gen-
etic disorders, consanguinity, mental health disorders
and advanced maternal age [5]. For example, obesity
has been associated with reproductive disorders and
is linked to maternal and neonatal adverse outcomes
[6]. Evidence suggests that the antenatal period may
be too late to address the risk associated with mater-
nal obesity and that ideally pre-pregnancy interven-
tions should be utilised in order to improve outcomes
for the mother and baby [6, 7].
Having a healthy lifestyle preconception is likely to

lead to better reproductive outcomes and theoretically
could decrease societal expenditure. For example, a sys-
tematic review by Wahabi et al. highlighted that there is
a high return on investment when preconception care in
women with pre-gestational diabetes is offered. Findings
showed a reduction of preterm birth, congenital malfor-
mations and perinatal mortality [8, 9].
Social risks include unwanted pregnancies; unsafe

abortions; minimal inter-pregnancy intervals; coerced
sex and intimate partner violence; substance abuse of to-
bacco, alcohol and illicit drugs; and excessive caffeine.
Environmental exposures include heavy metals and che-
micals, ionising radiation and heat, heavy lifting and pro-
longed standing [5, 10].

There are currently more than 165,000 medical and
health applications available to healthcare consumers
with over 90% free and publicly available through Apple
iOS and Google app platforms in Australia [11]. Smart-
phone ownership and app use in Australia is high with
between 81% and 88% of citizens possessing a smart-
phone [12, 13]. The majority of owners are aged between
18 and 24 and spend most of their time on the phone
using apps [14]. Lupton and Pedersen’s online Australian
survey of women aged between 18 and 45 found that the
use of pregnancy and parenting apps was common [15].
These findings support that women of reproductive age
are increasingly turning to web-based and mobile health
platforms to receive health information rather than rely-
ing on face-to-face and paper-based delivery methods
[16]. This trend towards the use of mobile health opens
up an opportunity to reach those women who are less
likely to engage with health care providers or are yet
to do so. Several behaviour change interventions have
been identified as having the potential to mitigate
risks and support healthier lifestyles and informed
decision-making. Risk-reduction interventions include
weight loss programs that incorporate diet and exer-
cise, dietary supplementation, optimising glycaemic
control, immunisation, screening and treatment of
disease and disorders, genetic counselling and preg-
nancy planning [5]. Education interventions include ad-
vice on modern contraceptives, pregnancy spacing advice,
addressing domestic violence and community awareness
programs that support women to feel empowered [5]. It is
essential that women have easily accessible comprehensive
care and support that is founded in evidence-based prac-
tice and accessible across all socio-economic groups.
Mobile health or ‘mHealth’ is defined as those health

technologies within the area of electronic health or
‘eHealth’ that provide health services and information via
mobile technologies such as mobile phones and Personal
Digital Assistants (PDAs) [17]. Mobile applications that
assist consumers, in this case women of reproductive age,
in wellness and disease prevention, are often referred to as
mHealth applications or ‘apps’ [11]. Mobile health apps
have several functions including the transmission of infor-
mation, supporting decisions making, information ex-
change, and emotional support, reinforcing self-care and
managing requirements for health care services [18].
There is evidence of benefit for mHealth interventions

in adults that offer support and education with the
intention to change high-risk behaviours such as smok-
ing, poor dietary and exercise habits; however, there is a
lack of evidence to support their use before or during
pregnancy [18, 19]. Previous meta-analyses of these in-
terventions have shown efficacy of applications targeting
physical activity and weight loss; however, these studies
are not generalizable to women of reproductive age and
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lack an examination of long-term effects or follow-up
[20].
Women from high-income countries are considerable

users of mobile phone applications to access social media
and lifestyle advice. Often, women will turn to digital
media for pregnancy information and advice. This was
confirmed by Rodger et al. who reported that in South
Australia, 40% of women had used a pregnancy-related
smartphone app to access information about pregnancy
[21]. Wallwiener et al. found that Australian women who
utilised mobile health in pregnancy tended to be young,
having their first baby, less healthy and more influenced
by the information they receive [22]. This represents an
opportunity to improve both physical and mental health
outcomes and support in pregnancy and early parenthood
for those who may benefit most [23].
Despite the large number of health and medical apps

on the market, there is limited research into how they
impact on behaviour changes in women of reproductive
age prior to pregnancy. A small Western Australian
qualitative study by Hearn et al. reported that women
want apps that interface with reliable evidenced-based
websites so that they can access information on common
fears as well as tools for personalising weight, nutrition
and fitness management [24]. These findings are sup-
ported by a work done by Lupton and Pedersen which
suggests that women want mobile apps that present in-
formation that is contextualised and can be used as a
tool to support decision-making [15].
It is important to do this review and evaluate the ef-

fectiveness of mobile apps as multiple apps exist, and
they are widely used by women despite limited evidence
regarding improved health outcomes or potential risks.
Understanding the broader implications and the effective-
ness of apps, both before and during pregnancy, is essen-
tial for healthcare professionals to recommend these
technological interventions as tools that positively impact
on maternal and neonatal outcomes. A thorough under-
standing of how women of reproductive age interact and
are represented by apps as well as the validity and accur-
acy of the information provided is particularly relevant
and needs to be examined to inform further research.
The quality, efficacy, reliability and security of apps re-

quires further scrutiny in order for clinicians to be able
to give better guidance around their use so that health-
care providers can be better informed when designing,
developing and implementing effective interventions
using such technology [25]. With the cost of health care
increasing, health care systems are continually under
pressure to evaluate the cost-effectiveness and potential
cost savings for healthcare. With the potential of large
cost savings and widespread accessibility, mobile health
apps offer a potential adjunct to face-to-face pregnancy
planning care. However, the unregulated nature of this

technology and the lack of direct comprehensive informa-
tion delivered may lead to insufficient, inappropriate and
missed opportunities to provide extra information [26].
On the other hand, women across all socio-economic
groups could potentially reap the benefits of having access
to information 24 h a day which could optimise their
health and in the long term, reduce medical intervention
in pregnancy and birth [25].
The most recent scoping review by Hemsing et al. of

preconception health care interventions consolidates
knowledge and information related to current precon-
ception and inter-conception health care interventions
[1]. Daly et al. recently published a systematic review of
the effect of mobile app interventions on influencing
healthy maternal behaviour and improving perinatal health
outcomes. This paper stated that ‘no clear conclusions
could be drawn on the effects of mobile application inter-
ventions during pregnancy on maternal knowledge, behav-
iour change, and perinatal health outcomes’ [27, 28]. To
the best of our knowledge, the protocol for our intended
systematic review is the first to address preconception be-
haviour change through mobile phone apps. Once the re-
view is complete, it is hoped that findings will contribute to
the knowledge base available to health facilities and clini-
cians and aid in the decision-making for integration of
these technology platforms into standard care.

Aim
The aim is to assess the effectiveness of mobile phone
applications in women of reproductive age for promot-
ing healthier behaviour change and improving future
outcomes for mothers and babies. These behaviours may
include advice about healthy weight, diet, exercise, re-
duction or cessation of smoking and alcohol/drug taking
and psychosocial needs, e.g. anxiety and depression.

Methods
Protocol
The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocols (PRISMA-P) guidelines for
reporting systematic reviews evaluating health care inter-
ventions will be used [29]. A PRISMA-P checklist is at-
tached (Additional file 1).

Inclusion criteria
Trials assessing behaviour change interventions, self-
management of wellness and disease prevention man-
agement (single or combined) will be included. Rando-
mised controlled trials, quasi-randomised controlled
trials and cluster-randomised trials will be included.
Studies published as abstract only will be included only
if sufficient information is available or we are able to
contact the authors and gain the information required.
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Participants
The participants are non-pregnant women of reproduct-
ive age, whether they are planning a pregnancy or not.

Interventions
Randomised controlled trials, quasi-randomised con-
trolled trials and cluster-randomised trials that aim to
assess the effects of mobile application-based interven-
tions on knowledge or behaviour of women of repro-
ductive age will be considered for inclusion. Mobile
application-based interventions will be included if they
provide general information for women of reproductive
age or focus on a specific risk factor relevant to future
perinatal outcome. Interventions that support informa-
tion delivery, decision-making, self-care and behaviour
change or risk reduction strategies/advice will be in-
cluded. There will be no restrictions on who has devel-
oped or funded the intervention, therefore we will
include both commercially developed apps as well as
apps developed by hospitals, health systems or other or-
ganisations. Interventions that are individualised with
capabilities such as self-monitoring, intention formation,
specific goal setting and review and feedback of goals
will be included.
Examples of these include:

� Targeted pregnancy planning support and advice
about healthy weight, diet, exercise, reduction or
cessation of smoking and alcohol/drug taking

� Decision-making support to address specific physical
and psychosocial needs such as perinatal mental
health, e.g. anxiety and depression

Studies will be excluded if they satisfy any of the fol-
lowing criteria:

� Do not use a mobile application
� The mobile phone is used solely for telephone

conversations or text messaging
� Do not describe mobile application interventions for

women of reproductive age (as opposed to health
care professionals, women’s partners)

� The physical effects of the mobile phone usage are
the focus of the study, e.g. adverse outcomes of
radiation

Comparators
The review will assess the following comparisons:

1. Mobile phone applications versus text messaging-
based communications or paper-based

2. Mobile phone applications versus face-to-face or
telephone conversations

3. Mobile phone applications versus standard care or
no specific intervention

Outcome measures
Primary outcomes

� Change in behaviour(s) as defined by trial author
relative to the goal of the intervention for example:
○ Healthier lifestyle choices;
○ Reduced risky behaviours, e.g. smoking cessation,
alcohol intake cessation or reduction;
○ Increase in physical activity;
○ Weight control or reduction in adiposity;
○ Diabetes management, i.e. blood glucose control;
○ Improved nutrition;
○ Optimum management of disease symptoms, e.g.
reduction of blood pressure in hypertensive disease
or management of thyroid disease; and
○ Reducing unwanted pregnancies.

Secondary outcomes

� Self-efficacy (as defined by trial authors using a
validated scale such as the Rosenberg self-esteem
scale) [30]

� Psychosocial outcomes such as depression and
anxiety (as defined by trial authors and measured
using a validated tool, e.g. Cambridge Worry Scale
[31], State-Trait Anxiety Index [32] or Edinburgh
Depression Scale [33]

� General health (as defined by trial authors using
standardised measure such as a general health
assessment tool)

� Knowledge of targeted intervention topic, e.g. the
biomedical, social or environmental risk (as defined
by trial author)

� Evaluation of the intervention (as reported by the
trial authors, e.g. adherence lifestyle
recommendations)

� Health service utilisation (as reported by trial
authors, e.g. outpatient clinic appointment for
management of health or lifestyle, interaction with
health service program, interaction with GP
services, use of inpatient services or length of stay in
hospital)

Outcomes specific to unintended pregnancy

� Pregnancy intention (mistimed, ambivalent or as
reported by trial authors, e.g. a psychometrically
valid measure of pregnancy intention that assesses
intention on a continuous scale, such as the London
Measure of Unplanned Pregnancy [34, 35].
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� Health service utilisation (as reported to trial
authors e.g. family planning clinic, contraceptive
counselling, pregnancy test referral, abortion options
or services).

� Miscarriage.

Outcomes specific to pregnancy

Maternal
� Maternal morbidity (major)—combination of near-

miss mortality, unexpected admission to the inten-
sive care unit or death, as defined by the World
Health Organization (WHO)

� Antepartum haemorrhage
� Postpartum haemorrhage
� Gestational diabetes
� Pre-eclampsia
� Mode of birth
� Induction of labour
� Pain relief in labour
� Successful initiation of breastfeeding
� Maternal satisfaction
� Antenatal or postnatal depression
� Unanticipated admission to the hospital postnatally

Neonatal
� Perinatal morbidity (major—unexpected admission

to intensive care unit)
� Stillbirth
� Neonatal death
� Mode of birth
� Gestational age at birth
� Small for gestational age (SGA)—birthweight less

than the 10th percentile (using growth chart defined
by trialist)

� Large for gestational age (LGA)—birthweight greater
than the 90th percentile (using growth chart defined
by trialist)

� Infant feeding method at 3 months
� Unanticipated admission to the hospital

Setting
There will be no restrictions by type of setting. We ac-
knowledge that the study setting is very important and
may impact on how a woman experiences her repro-
ductive years, pregnancy and consequently the impact
on maternal and neonatal outcomes. We endeavour to
comment on the setting as defined by trialist, for ex-
ample socioeconomic group, age, marital status, family
structure, employment status and refugee status.

Time frame
Selected studies will provide women of reproductive age
about behaviour change interventions or education to

reduce or negate biomedical, social or environmental
risks preconception.

Search methods for identification of studies
The following methods section of this protocol is based
on the standard template used by the Cochrane Preg-
nancy and Childbirth Group.

Electronic searches
We will search for trials using the following methods:

1. Monthly searches of the Cochrane Central Registry
of Controlled Trials (CENTRAL);

2. Weekly searches of MEDLINE (Ovid);
3. Weekly searches of Embase (Ovid);
4. Monthly searches of CINAHL (EBSCO); and
5. Hand searches of journals and the proceedings of

major conferences.

Search results are screened by two people, and the full
text of all relevant trial reports identified through the
searching activities described above is reviewed.
In addition, we will search ClinicalTrials.gov and the

WHO International Clinical Trials Registry Platform
(ICTRP) for unpublished, planned and ongoing trial re-
ports using the search terms in Additional file 2.

Searching other resources
We will search the reference lists of retrieved studies for
further eligible studies. We will not apply any date or
language restrictions.

Search strategy
The search strategy was developed by the primary au-
thor with input from all authors. Subject heading and
keywords will be searched electronically in all fields. The
search will be repeated prior to the final analysis, and
any retrieved studies will be incorporated.
Search terms will be adapted for use with bibliographic

databases in combination with database-specific filters
for controlled trials, where these are available. Syntax
and subject headings will be adapted dependant on the
particular database to be searched. An example of search
terms and strategy is provided in Additional file 2.

Study data management
Data collection and analysis
The following methods will be used for assessing studies
identified by the search.

Selection of studies
Retrieved studies will be reviewed independently by two
authors. Discrepancies will be resolved by a third author.

Musgrave et al. Systematic Reviews            (2019) 8:86 Page 5 of 8



We will create a study flow diagram using PRISMA-P
to map out the number of records identified, included
and excluded [29].

Data extraction and management
EndNote reference management software will be utilised
to categorise studies identified. Results from individual
databases will be organised in one EndNote library with
duplicates removed. We will design a form to extract
data. For eligible studies, two review authors will extract
the data using the agreed form. We will enter data into
the Review Management software (RevMan 5.3) and
check for accuracy [36].

Assessment of risk of bias in included studies
Assessment of quality
The Cochrane Handbook for Systematic Reviews for in-
terventions will be used to assess the risk of bias for the
randomised controlled trials. Categorical judgements will
be made using the following domains in the guideline
selection bias: performance bias, detection bias, attrition
bias, reporting and all other bias. The likely impact and
bearing of any bias will be assessed through sensitivity
analysis [37].

Assessment of the evidence—GRADE
The Grades of Recommendation, Assessment, Develop-
ment and Evaluation (GRADE) approach will be utilised
to evaluate the quality of the body of evidence. Study
limitations, consistency of effect, imprecision, indirect-
ness and publication bias will be considered for specific
outcomes and the evidence graded accordingly [38].

Summary of findings
Findings of the effect and quality of the interventions
will be summarised in a table using the GRADE ap-
proach [39]. Data will be imported from RevMan [36]
using GRADE Profiler [40] and the following outcomes
will be presented:

� Change in behaviour pre-conception
� Self-efficacy
� Knowledge of targeted intervention
� Maternal morbidity (major)
� Maternal mortality
� Neonatal morbidity (major)
� Perinatal mortality

Measures of treatment effect and unit of analysis
Analysis will be conducted for randomised controlled trials
(RCTs), and the results will be represented as risk ratios
(RR) with 95% confidence intervals (CI). Mean difference
will be used for trials reporting continuous data, and a stan-
dardised mean difference will be used to combine trials

measuring the same outcome but utilised different
methods. The individual will be used as the unit of analysis
but where cluster-randomised trials are assessed, a statisti-
cian will be consulted.

Management of missing data
In the case of missing data, we will describe the number
of participants with missing data in the ‘Results’ section
and the ‘Characteristics of included studies’ table. We
will only present results for the available participants.
We will contact the authors of all published studies if clar-
ifications are required or to provide additional informa-
tion. Missing data and information will be investigated in
view of the overall assessment of the effectiveness of the
intervention and trial the author claims. We will discuss
the implications of the missing data in the ‘Discussion’
section of the review.

Assessment of heterogeneity and bias reporting
Assessment of heterogeneity between studies will be
conducted with a comparison of study settings, design
and population. We plan to assess the degree of hetero-
geneity using I2 statistics and examine the total variation
across all studies. If substantial heterogeneity is found,
this will be further explored using sensitivity analyses
and pre-specified subgroups. If sufficient numbers of
studies are found, data from the included studies will be
assessed using a funnel plot. This will give an indication
of the likelihood of publication bias.

Data synthesis
RevMan 5.3 [36] software will be used for statistical ana-
lysis. Relative risks RR with 95% CIs will be estimated
using fixed and random effects models as appropriate,
and the systematic review and meta-analysis will be re-
ported according to the Preferred Reporting Items for
Systematic Reviews (PRISMA) guidelines.
In trials reporting the same intervention with a similar

population, fixed-effect meta-analysis will be used as it will
be assumed that these studies are measuring the same
treatment effect. If the primary treatment effects vary be-
tween studies, random-effect analysis will be conducted to
produce a summary. Random-effects analysis results will be
presented as average treatment effect with 95% CIs and es-
timates of T2 and I1. Where the same intervention and
comparator are used with the same outcome measure, re-
sults will be aggregated using random-effects meta-analysis.
If this is not possible or inappropriate, a tabular and narra-
tive approach will be employed.

Subgroup analyses
If sufficient data is available, we plan to investigate using
subgroup analysis for the following subgroups:
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� Setting: low- or middle-income country versus high-
income country

� Parity: previous pregnancy vs no previous pregnancy
low or medium risk

� Women of reproductive age versus high-risk women
of reproductive age

� Socio-economic status: advantaged vs disadvantaged

Discussion
Women from high-income countries use mobile phone
applications widely to access social media and lifestyle
advice particularly when gathering information about
women’s reproductive health and pregnancy. This sys-
tematic review will be the first to assess the effects of
mobile app behaviour change and educational interven-
tions in all women of reproductive age, whether plan-
ning pregnancy or not. We are purposefully not just
targeting pregnancy planners as we speculate that those
who need behavioural change interventions are less
likely to plan pregnancy [41].
Findings may influence health policy makers and clini-

cians when considering the implementation of mobile
apps in the preconception period as an intervention to
manage and reduce the risk of known biomedical, social
and environmental consequences. Implementation of
this technology may reduce healthcare costs and im-
prove outcomes for mothers, babies and children.

Additional files

Additional file 1: PRISMA-P checklist. (DOCX 29 kb)

Additional file 2: Search strategy and terms. The strategy will be
adapted for individual databases searched. (DOCX 25 kb)
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Appendix A2: Database search strategy  

#  Searches – Medline  Results 

1 Mobile Applications/ 6697 

2 (mobile adj3 app*).tw. 8127 

3 exp Computers, Handheld/ 8601 

4 ((mobile or cell or smart) adj1 phone*).tw. 11757 

5 Exp Cell Phone/ 8751 

6 1 or 2 or 3 or 4 or 5 31204 

7 exp Pregnancy/ 904760 

8 Pregnant Women/ 8743 

9 Reproductive Health/ 3575 

10 Preconception Care/ 2373 

11 Prenatal Care/ 28412 

12 Family Planning Services/ 25003 

13 pregnan*.tw. OR reproducti*.tw. 508765 

14 matern*.tw. OR mother*.tw. 279075 

15 prenat*.tw. 99676 

16 pre-nat.tw. 10 

17 perinat*.tw. 75669 

18 antenat*.tw. 37889 

19 preconcept*.tw. 5428 
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20 pre-concept*.tw. 798 

21 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 

18 or 19 or 20 

1183882 

22 6 and 21 1216 

23 ("clinical trial" or "clinical trial, phase i" or "clinical trial, 

phase ii" or clinical trial, phase iii or clinical trial, phase iv or 

controlled clinical trial or "multicenter study" or "randomized 

controlled trial").pt. or double-blind method/ or clinical trials 

as topic/ or clinical trials, phase i as topic/ or clinical trials, 

phase ii as topic/ or clinical trials, phase iii as topic/ or 

clinical trials, phase iv as topic/ or controlled clinical trials as 

topic/ or randomized controlled trials as topic/ or early 

termination of clinical trials as topic/ or multicenter studies 

as topic/ or ((randomi?ed adj7 trial*) or (controlled adj3 

trial*) or (clinical adj2 trial*) or ((single or doubl* or tripl* or 

treb*) and (blind* or mask*))).ti,ab,kw. or ("4 arm" or "four 

arm").ti,ab,kw. 

1669054 

24 22 and 23 296 

# Searches – Embase (Ovid) Results 

1 exp mobile application/ 13781 

2 (mobile adj3 app*).tw. 10716 



 

187 

3 personal digital assistant/ 1536 

4 ((mobile or cell or smart) adj1 phone*).tw. 16196 

5 exp mobile phone/ 31239 

6 1 or 2 or 3 or 4 or 5 48461 

7 exp pregnancy/ 677728 

8 pregnant woman/ 83623 

9 reproductive health/ 18192 

10 prepregnancy care/ 1904 

11 prenatal care/ 40525 

12 family planning/ 35467 

13 pregnan*.tw. OR reproducti*.tw. 651867 

14 matern*.tw. OR mother*.tw. 360040 

15 prenat*.tw. 128837 

16 pre-nat.tw. 42 

17 perinat*.tw. 102908 

18 antenat*.tw. 54006 

19 preconcept*.tw. 8050 

20 pre-concept*.tw. 1538 

21 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 

18 or 19 or 20 

1209346 

22 6 and 21 1961 
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23 (Randomized Controlled Trial or Controlled Clinical Trial or 

Pragmatic Clinical Trial or Equivalence Trial or Clinical Trial, 

Phase III).pt. 

0 

24 Randomized Controlled Trial/ 635873 

25 exp Randomized Controlled Trials as Topic/ 192429 

26 "Randomized Controlled Trial (topic)"/ 192429 

27 Controlled Clinical Trial/ 465234 

28 exp Controlled Clinical Trials as Topic/ 200134 

29 "Controlled Clinical Trial (topic)"/ 11248 

30 Randomization/ 89338 

31 Random Allocation/ 85520 

32 Double-Blind Method/ 154717 

33 Double Blind Procedure/ 179278 

34 Double-Blind Studies/ 137773 

35 Single-Blind Method/ 39221 

36 Single Blind Procedure/ 41249 

37 Single-Blind Studies/ 41249 

38 Placebos/ 303795 

39 Placebo/ 359968 

40 Control Groups/ 110506 

41 Control Group/ 110506 

42 (random* or sham or placebo*).ti,ab,hw,kw. 2128849 
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43 ((singl* or doubl*) adj (blind* or dumm* or 

mask*)).ti,ab,hw,kw. 

315093 

44 ((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab,hw,kw. 1465 

45 (control* adj3 (study or studies or trial* or group*)).ti,ab,kw. 1425821 

46 (Nonrandom* or non random* or non-random* or quasi-

random* or quasirandom*).ti,ab,hw,kw. 

57589 

47 allocated.ti,ab,hw. 88816 

48 ((open label or open-label) adj5 (study or studies or 

trial*)).ti,ab,hw,kw. 

66633 

49 ((equivalence or superiority or non-inferiority or noninferiority) 

adj3 (study or studies or trial*)).ti,ab,hw,kw. 

13227 

50 (pragmatic study or pragmatic studies).ti,ab,hw,kw. 642 

51 ((pragmatic or practical) adj3 trial*).ti,ab,hw,kw. 5889 

52 ((quasiexperimental or quasi-experimental) adj3 (study or 

studies or trial*)).ti,ab,hw,kw. 

13482 

53 (phase adj3 (III or "3") adj3 (study or studies or 

trial*)).ti,hw,kw. 

96028 

54 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 

or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 

44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 

3169887 

55 6 and 21 and 54 623 
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# Searches – Web of science Results 
1 TI=((mobile NEAR/3 app*) OR ((mobile or cell or smart) 

 NEAR/1 phone*)) 
27087 

2 AB=((mobile NEAR/3 app*) OR ((mobile or cell or smart) 
NEAR/1 phone*))  

83339 

3 #2 OR #1 93103 
4 TI=(pregnan* OR matern* OR prenat* OR pre-

nat* OR perinat* OR antenat* OR preconcept* 
OR pre-concept* OR mother OR reproducti*)  

610349 

5 AB=(pregnan* OR matern* OR prenat* OR pre-
nat* OR perinat* OR antenat* OR preconcept* OR pre-
concept* OR mother OR reproducti*)  

901348 

6 #5 OR #4 1219,176 
7 #6 AND #3 1434 
8 TS=(randomised OR randomized OR randomisation OR rand

omisation OR placebo* OR (random* AND (allocat* OR 
assign*) ) OR (blind* AND (single OR double OR treble OR 
triple) ))  

1222789 

9 #8 AND #7 259 

# Searches – CINAHL (Ebsco) Results 
1 (MH "Mobile Applications") 8,131 
2 (mobile N3 app*) 10,843 
3 (MH "Computers, Hand-Held+") 7,291 
4 ((mobile or cell or smart) N1 phone*) 6,431 

http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=2&SID=C3foocZOfiaI3IeSLNm&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=3&SID=C3foocZOfiaI3IeSLNm&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=4&SID=C3foocZOfiaI3IeSLNm&search_mode=CombineSearches&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=5&SID=C3foocZOfiaI3IeSLNm&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=6&SID=C3foocZOfiaI3IeSLNm&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=7&SID=C3foocZOfiaI3IeSLNm&search_mode=CombineSearches&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=8&SID=C3foocZOfiaI3IeSLNm&search_mode=CombineSearches&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=9&SID=C3foocZOfiaI3IeSLNm&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com.ezproxy.lib.uts.edu.au/summary.do?product=WOS&doc=1&qid=10&SID=C3foocZOfiaI3IeSLNm&search_mode=CombineSearches&update_back2search_link_param=yes
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5 (MH "Cellular Phone+") 7,554 
6 S1 OR S2 OR S3 OR S4 OR S5 24,535 
7 (MH "Pregnancy") 202,985 
8 (MH "Reproductive Health") 7,481 
9 (MH "Prepregnancy Care") 2,007 
10 (MH "Prenatal Care") 17,082 
11 (MH "Family Planning") 6,499 
12 pregnan* OR reproducti* 274,968 
13 matern* OR mother* 177,866 
14 prenat* 55,233 
15 pre-nat* 769 
16 perinat* 34,603 
17 antenat* 15,127 
18 preconcept* 2,770 
19 pre-concept* 363 
20 S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR 

S14 OR S15 OR S16 OR S17 OR S18 OR S19 
386,401 

21 S6 AND S20 1,207 
22 TX allocat* random* OR (MH "Quantitative Studies") OR 

(MH "Placebos") OR TX placebo* OR TX random* allocat* 
OR (MH "Random Assignment") OR TX randomi* control* 
trial* OR TX ( (singl* n1 blind*) OR (singl* n1 mask*) ) OR 
TX ( (doubl* n1 blind*) OR (doubl* n1 mask*) ) OR TX ( 
(tripl* n1 blind*) OR (tripl* n1 mask*) ) OR TX ( (trebl* n1 

1,512,262 
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blind*) OR (trebl* n1 mask*) ) OR TX clinic* n1 trial* OR PT 
Clinical trial OR (MH "Clinical Trials+") 

23 S21 AND S22 412 

 

# Searches – Cochrane library 

Results – 268 total (9 Reviews, 259 Trials) 

1 MeSH descriptor: [Mobile Applications] explode all trees 

2 (mobile NEAR/3 app*):ti,ab 

3 MeSH descriptor: [Computers, Handheld] explode all trees 

4 ((mobile or cell or smart) NEAR/1 phone*):ti,ab 

5 MeSH descriptor: [Cell Phone] explode all trees 

6 #1 OR #2 OR #3 OR #4 OR #5 

7 MeSH descriptor: [Pregnancy] explode all trees 

8 MeSH descriptor: [Pregnant Women] explode all trees 

9 MeSH descriptor: [Reproductive Health] explode all trees 

10 MeSH descriptor: [Preconception Care] explode all trees 

11 MeSH descriptor: [Prenatal Care] explode all trees 

12 MeSH descriptor: [Family Planning Services] explode all trees 

13 (pregnan* OR reproducti*):ti,ab 
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14 (materni* OR mother*):ti,ab 

15 (prenat*):ti,ab 

16 (pre-nat*):ti,ab 

17 (perinat*):ti,ab 

18 (antenat*):ti,ab 

19 (preconcept*):ti,ab 

20 (pre-concept*):ti,ab 

21 #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 
OR #19 OR #20 

22 #6 AND #21 

# Searches – WHO Global Health Library (renamed to Global Index Medicus)  

Results –  95 (No adjacency searching in this database so terms expanded manually) 

1 (tw:("mobile app*" OR "mobile phone*" OR "smart phone*" OR "cell phone*")) AND 
(tw:(pregnan* OR reproducti* OR materni* OR mother* OR prenat* OR pre-nat* OR perinat* 
OR antenat* OR preconcept* OR pre-concept*)) 
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Appendix A3: Reports excluded  

Study Reason for exclusion 
Abroms 2017   
Abroms 2017a   
Actrn 2019   
Actrn 2020   
Ainscough 2016   
Ainscough 2017   
Ainscough 2017a   
Ainscough 2017b   
Ainscough 2020   
Altazan 2019   
Babalola 2019   
Boedt 2019   
Boedt 2021 
Borgen 2019a   
Borgen 2019   
Cheng 2016   
ChiCtr 2020   
ChiCTR2000034263 
Christiansen 2019   
Coleman Cowger 2018   
Crimmins 2019   
Ctri 2020   
Daly 2018   
Darvall 2020   
Dehlendorf 2019   
deSousaGomes 2019   
Dev 2019   
Doan 2020   
Dodd 2018   
Dulli 2019   
Earle 2020   
Flenady 2019   
Franzon 2019   
Garnweidner Holme 2020   
Garnweidner Holme 2020a   
Gilliam 2014   
Gilliam 2016   
Graham 2014   
Greene 2018   
Guo 2018   
Haidrani 2016   
Hantsoo 2018   
Herring 2014   
Holmes 2020   
Ilozumba 2018   
Ippoliti 2017   
Irct138901212621N 2011   
Irct2016101630320N 2016   
Irct20170520034052N 2019   
Irct20200817048434N 2020   
Jacobson 2016   
Jiskoot 2017   
Kennelly 2016   
Kennelly 2017   
Kennelly 2017a   
Kennelly 2018   

Wrong patient population 
Wrong patient population 
Wrong intervention 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population  
Wrong patient population  
Wrong patient population 
Wrong patient population 
Wrong intervention 
Protocol 
Ongoing trial 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Ongoing trial 
Ongoing trial 
Wrong study design 
Wrong intervention 
Wrong study design 
Wrong patient population 
Wrong study design 
Wrong patient population 
Wrong intervention 
Wrong study design 
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong study design 
Wrong study design 
Wrong patient population 
Wrong intervention 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong intervention 
Wrong study design 
Wrong study design 
Wrong study design 
Wrong patient population 
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong intervention 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
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Kennelly 2019   
Kinser 2021   
Krauskopf 2018   
Krauskopf 2019   
Ledford 2016   
Ledford 2018   
Lee 2016   
Lewkowitz 2020   
Lim 2019   
Lund 2018   
Manlove 2020a   
Manlove 2020   
MarcanoBelisario 2017   
Marin Gomez 2019   
Martin 2018   
Mascarenhas 2018   
Maslowsky 2016   
Mauriello 2016   
McCarter 2018   
McCarthy 2018   
McManus 2016   
McManus 2017   
Mildon 2019   
Miremberg 2018   
Miremberg 2018a   
Moniz 2015   
NCT03790449 
NCT04242069 
NCT03215173 
Nct 2015   
Nct 2015a   
Nct 2016   
Nct 2016b   
Nct 2016c   
Nct 2017   
Nct 2017a   
Nct 2017b   
Nct 2017c   
Nct 2018   
Nct 2018a   
Nct 2018b   
Nct 2018c   
Nct 2018d   
Nct 2019   
Nct 2020   
Nct 2020a   
Nct 2020b   
Nicklas 2020   
Ntr 2013   
Ntr 2016   
Nwolise 2016   
Olson 2018   
Ozcelik 2020   
Palmer #2081 
Palmer #2082 
Patel 2019   
Pollak 2014   
Pollak 2020   
R 2018   
Rani 2017   

Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Protocol  
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong intervention 
Wrong intervention 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Ongoing trial 
Ongoing trial 
Ongoing trial 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong study design 
Ongoing trial  
Wrong patient population 
Wrong patient population 
Wrong intervention 
Wrong intervention 
Wrong patient population 
Wrong intervention 
Ongoing trial  
Wrong patient population 
Wrong intervention 
Ongoing trial 
Wrong patient population 
Wrong study design 
Ongoing trial 
Wrong patient population 
Wrong patient population  
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong study design 
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong study design 
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Remick 2013   
Ross 2013   
Rowe 2019   
Sawyer #2044 
Seekaew 2015   
Sherry 2018   
Shorey 2017   
Shorey 2018   
Shrier 2019   
Skar 2018   
Skau 2016   
Slctr 2017   
Smith 2015   
Smith 2017   
Sridhar 2015   
Steinberg 2018   
Sukumar 2018   
Sun 2019   
Sung 2019   
Tahata 2017   
Takeuchi 2016   
Tarqui Mamani 2018   
Tebb 2019   
Tebb 2019a   
Tebb 2020   
Teychenne 2021   
Tobe 2018   
vanderPligt 2018   
Vartanian 2020   
Wadensten 2019   
Wang 2020   
Watterson 2015   
Wheaton 2018   
Wise 2015   
Wu 2020   
Yew 2020   
Yew 2021   
Zairina 2016   
Zhang 2019   
Zulu 2020   

Wrong study design 
Wrong study design 
Wrong study design 
Wrong intervention 
Protocol  
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Protocol 
Wrong patient population 
Wrong study design 
Wrong study design 
Wrong patient population 
Wrong study design 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong intervention 
Wrong study design 
Wrong patient population 
Wrong intervention 
Wrong patient population 
Wrong study design 
Wrong study design 
Wrong study design 
Wrong intervention 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong patient population 
Wrong study design 
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Appendix A4: Characteristics of included studies (ordered by study ID) 

Bijlholt 2021 [1]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial 
Study grouping: Parallel group 

Participants Baseline Characteristics 
Participants: Women with excessive gestational weight gain in the preceding pregnancy (n=1450). 
Age range: Participants were on average 31.3 years old. 
Recruitment: Participants were recruited in six hospitals in the region of Flanders, Belgium between May 2017 
and April 2019, research midwives approached potential participants two to three days after delivery in the 
hospital. 
Country: Belgium. 
Inclusion criteria: Women with excessive gestational weight gain as defined by the National Academy of 
Medicine. Women aged 18 or older with a sufficient command of the Dutch language were eligible. 
Exclusion criteria: Unable or unwilling to give informed consent; no access to the internet; requirement for 
complex medical diets; history of- or planned bariatric surgery; chronic disorders (e.g., diabetes mellitus type 1 or 
2, thyroid disease, renal disease); significant psychiatric disorder; previous stillbirth. Women with twin pregnancies 
in either the pregnancy preceding the intervention or the subsequent pregnancy are excluded from the study. 
Pre-treatment: Nil. 

Interventions Intervention: The lifestyle intervention combined a smartphone application with four face-to-face coaching 
sessions between six weeks and six months postpartum (n=724). 
Control: Standard care (n=726). 

Outcomes Primary outcomes: Eating behaviour (restrained eating, uncontrolled eating, emotional eating, high emotional 
eating), energy intake (kcal), physical activity (MET-minutes per week), sedentary time (minutes per day). Only 
postnatal outcomes were presented. 
Outcome type: Dichotomous: dichotomized into low and high emotional eating based on the median score, and 
logistic regression was performed to test differences between the control group and intervention group. 
Outcome type: Continuous: energy intake (kcal), physical activity (MET-minutes per week), sedentary time 
(minutes per day). 
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Secondary outcomes: Nil reported. 
Identification Sponsorship source: Fund for Scientific Research, ‘Fonds Wetenchappelijk Onderzoek’ (FWO): TBM (Applied 

Biomedical Research with Primary Social finality) project. Project number FWO: T005116N. 
Country: Belgium 
Setting: Participants were recruited in six hospitals in the region of Flanders, Belgium: University Hospital Leuven, 
University Hospital Antwerp, Gasthuiszusters Hospitals Antwerp, Jessa Hospital in Hasselt, Hospital Oost-Limburg 
in Genk, and Sint-Franciscus Hospital in Heusden-Zolder. 
Authors name: Annick Bogaerts 
Institution: Department of Development and Regeneration, KU Leuven, Herestraat 49, 3000 Leuven, Belgium 
and Department of Nursing and Midwifery, CRIC Centre for Research & Innovation in Care, University of Antwerp. 
Email: Annick.Bogaerts@kuleuven.be 
Address: Faculty of Medicine and Health Sciences, University of Antwerp, 2610 Antwerp, Belgium. 

Risk of bias   
Bias Authors’ judgement Support for judgement 
Random sequence 
generation (selection 
bias) 

Low risk Quote: "The randomization algorithm available in the electronic case report form 
(eCRF) Castor was used—block randomization with block sizes 4, 6 and 8. At every 
block generation moment, one of the three-block sizes was randomly selected. When 
a record was randomized, the allocation was randomly selected from the current block 
in use. The randomization was stratified by the hospital." 

Allocation 
concealment 
(selection bias) 

High risk Quote: "Participants were enrolled by research midwives, and randomized was 
performed by the biostatistician within the 1st week postpartum." 
Judgement comment: Revealed at 6 weeks postpartum after concealment due to 
coaching sessions. 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Quote: "Due to the nature of the intervention, participants and study personnel could 
not be blinded for randomization." 

Blinding of outcome 
assessment 
(detection bias) 

Unclear risk Quote: "All caregivers involved in the perinatal care path were blinded for the 
allocation of a specific woman." 
Judgement comment: Not blinded as providing coaching etc vs usual care. 

Incomplete outcome 
data (attrition bias) 

Low risk Judgement comment: All outcome data appears complete in tables 1-3. Attrition is 
accounted for in Figure 1. 
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Selective reporting 
(reporting bias) 

Low risk Judgement Comment: Reporting is as per the protocol and methodology. 

Other bias High risk Quote: "Some significant differences existed between control and intervention group 
at baseline. More women conceived their pregnancy spontaneously in the control 
group (92.4%) compared to the intervention group (88.3 %, p = 0.03). Among women 
with a normal pre-pregnancy BMI, median gestational weight gain was slightly higher 
in the control group (19 kg, Q1–Q3 17–21 kg) compared to the intervention group 
(18.2 kg, Q1– Q3 17–20 kg, p = 0.04) (Table 1)." 
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Gilmore 2017 [2]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial 
Study grouping: Parallel group 

Participants Participants: Overweight or obese postpartum women (n=40). 
Age range: Women were 23-33 years of age and the median age for the intervention group, E-Moms was 26 and 
27.2 for the control group (WIC Moms usual care). 
Recruitment: An approved brochure was used to recruit women at the first visit they attended postpartum at the 
Women, Infants and Children clinic (WIC) at two clinics in Louisiana, USA. 
Country: USA 
Inclusion criteria: Postpartum females who gave birth less than 8 weeks ago, ‡18 years old, overweight or 
obese (body mass index [BMI] ‡25 and <40 kg/m2), certified for WIC post-partum services, and English speaking. 
Exclusion criteria: Participants were ineligible if they were enrolled in the Nurse-Family Partnership program, 
had a multiple gestation pregnancy, had a history of psychiatric conditions or chronic disease that can impact 
body weight, appetite, or intake, type 1 diabetes mellitus, or taking medications or supplements to aid in weight 
loss. 
Pre-treatment: The participants were recruited, screened, and randomized before7 weeks 6 days postpartum 
equally to one of two groups: (1) WIC standard care (WIC Moms) and (2) WIC standard care and personalized 
weight management via a Smart-Phone (E-Moms). 
Post Hoc analysis by adherence: Within the E-Moms adherence groups, the high adherence group (n=5) was 
significantly older than the low adherence group (n=7) (32.3–5.4 vs. 23.0–2.7 years; p=0.03), but neither differed 
significantly from the WIC Moms group (27.2–6.1 years). All individuals who were lost to follow-up were black. 

Interventions Intervention: multi-component  
Women received the standard WIC clinic advice (weight and nutritional) and a personalised smartphone weight 
management program using the app ‘E-Moms’. The app tracked weight and activity and delivered real-time health 
information and interventionist feedback. Information on diet, physical activity, and behaviour modification 
(overcoming barriers to lifestyle change, controlling food and hunger cues, mindful eating). A list of behaviour 
change goals was given to help put the new information into practice (n=19). 
Control: Usual care that included standard nutritional and weight management advice for postpartum women 
attending the WIC clinic (n=16). 

Outcomes Primary outcome: Postpartum weight loss (change in weight following the 4-month intervention). 
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Clinic Measurements (height, weight, anthropometrics).  
Outcome type: Continuous: Body fat percentage, waist circumference, hip circumference, and waist-to-hip ratio. 
Reporting: Fully reported. 
Secondary outcomes:  
Questionnaires.  
Outcome type: Dichotomous: Improved diet quality (measured using a screening survey). The association 
between breastfeeding and weight change was measured using the Breastfeeding Self-Efficacy Short Form 
questionnaire. 
Reporting: Partially reported. 
Post hoc analysis: Intervention adherence. 

Identification Sponsorship source: This work was supported by the United States Department of Agriculture through UCLA 
Small Grants Program (UCLA Subaward No. 1920 G QA123; L.M.R.) and support of LAG by T32DK064584. This 
work was supported, in part (J.H.B.), by 1 U54 GM104940 from the National Institute of General Medical Sciences 
of the National Institutes of Health, which funds the Louisiana Clinical and Translational Science Center. 
Country: USA. 
Setting: Louisiana Department of Health and Hospitals; Louisiana Woman, Infants, and Children Capitol City 
Family Health Clinic and Martin Luther King Community Center. 
Comments: SmartLoss is a registered trademark of the Louisiana State University System, with the trademarked 
approach having been developed by Drs. Martin and Redman who potentially have a vested interest in this 
intervention being successful. 
Authors name: Leanne Redman 
Institution: Pennington Biomedical Research Center 
Email: leanne.redman@pbrc.edu 
Address: Pennington Biomedical Research Center 6400 Perkins Road Baton Rouge, LA 70808 

Notes Participants: 
Recruited during pregnancy but the objective was aimed at decreasing postpartum weight retention. 
Apps as a behaviour change intervention: Despite near real-time feedback and increased frequency of 
communication and access to health information, mHealth interventions have the potential to be more passive 
than in-person interventions. Participants may more easily disengage by ignoring remote communication attempts 
(i.e., texts, emails, and phone calls) and decrease adherence to recommendations without the accountability of a 
face-to-face intervention, especially as the study progresses. 

Risk of bias   
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Bias Authors’ judgement Support for judgement 
Random sequence 
generation (selection 
bias) 

High risk Quote: "The participants were recruited, screened, and randomized before 7 weeks 6 
days postpartum equally to one of two groups: (1) WIC standard care (WIC Moms) 
and (2) WIC standard care and personalized weight management via a Smart- Phone 
(E-Moms)." 
Judgement comment: Not reported how the randomisation was generated. 

Allocation 
concealment 
(selection bias) 

High risk Judgement comment: No description of measures taken for allocation concealment. 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Quote: "Assessments were performed by study personnel according to standard 
operating procedures at one of the two collaborating WIC clinics or at Pennington 
Biomedical Research Center." 
Judgement comment: Assessments were carried out by research staff and therefore 
not blinded. No reporting of blinding to group assignment. 

Blinding of outcome 
assessment 
(detection bias) 
 

High risk Quote: "Assessments were performed by study personnel according to standard 
operating procedures at one of the two collaborating WIC clinics or at Pennington 
Biomedical Research Center". 
Judgement comment: Assessments were carried out by research staff therefore not 
blinded. 

Incomplete outcome 
data (attrition bias) 
 

Low risk Quote: “Five participants (WIC Moms, n = 4 and E-Moms, n = 1) were lost to follow-up 
resulting in an attrition rate of 12.5%” 
Quote: (Baseline characteristics) “All of the individuals who were lost to follow-up 
were black. Inclusion of these individuals in the intent-to-treat analysis resulted in a 
significant difference in race distribution when the groups were stratified by 
adherence.” 
Quote: (Weight change) “In the intent-to-treat analysis, weight change within the low 
adherence group was not significant  
(2.4 – 1.2; p = 0.05).” 
Quote: (Indicators of body composition change) “With baseline values carried forward 
in the intent-to-treat analysis, estimates and standard errors changed slightly (WIC 
Moms: 1.7%– 0.54%; p = 0.004 and E-Moms: 0.06 – 0.54; p = 0.91) and resulted in a 
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significant difference between the WIC Moms and E-Moms groups (1.6%– 0.77%; p = 
0.04).” 
Judgement comment: Post randomised withdrawals are explained. In Figure 1 
baseline demographics are provided clearly in Table 1. Bodyweight change data 
across the six weeks is demonstrated in Figure 2.  Body composition appears to be 
complete data (Figure 3). Breastfeeding practices (assessed by questionnaire) are 
also reported.   

Selective reporting 
(reporting bias) 

Low risk Judgement comment: All outcomes were reported although no breakdown of 
breastfeeding rates across the two groups is reported.  

Other bias Unclear risk Judgement comment: A small sample size from only 2 sites within the same 
geographical area and therefore women could openly talk with investigators/data 
collectors and therefore disclose their treatment group. 

 

  



 

204 

Jannati 2020 [3]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial 
Study grouping: Parallel group 

Participants Baseline Characteristics 
Participants: Postnatal women over the age of 18 years (n=78). 
Age range: The mean age of participants was 27.65 years (SD=4.2) in the intervention group and 27.39 years 
(SD=4.8) in the control group. 
Recruitment: Online announcements via health care centre websites, text message invites to those women who 
had their mobile phone numbers saved in the health information system, and printed flyers handed directly to 
women. 
Country: Iran 
Inclusion criteria: Postpartum women who had birthed in the previous six months, had at least weekly access to 
the internet and a mobile phone, and had sufficient Persian language skills to complete a survey, scoring 13 or 
higher on the Edinburgh Postnatal Depression Scale (EPDS). 
Exclusion criteria: Not having a smartphone, taking antidepressants or undergoing psychotherapy. 
Pre-treatment: Before the intervention, the mean EPDS score of mothers in the intervention and control groups 
were 17.42 ± 2.8 (range: 13–23) and 17.39 ± 2.2 (rang: 9–21). 

Interventions Intervention: A mobile application (n=38). The ‘Happy Mom’ mobile app was used to deliver cognitive behaviour 
therapy (CBT) through eight lessons over eight weeks. Lessons were in a linear progression and participants had 
to complete assignments associated with the lessons. 
Control: Usual care (n=37). No access to the mobile phone application intervention. 

Outcomes Primary outcomes: Edinburgh Postnatal Depression Scale (EPDS) score. 
Outcome type: Continuous: change from baseline. 
Secondary outcomes: Nil reported. 

Identification Sponsorship source: This research was funded by Kerman University of Medical Sciences (grant number: 
96000642). 
Country: Iran 
Setting: Women who attended care from three health care centers in Kerman, Iran. 
Authors name: Leila Ahmadianb. 
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Institution: Medical Informatics Research Center, Institute for Futures Studies in Health, Kerman University of 
Medical Sciences, Haft-bagh Highway, PO Box: 7616913555, Kerman, Iran. 
Email: ahmadianle@yahoo.com, lahmadian@kmu.ac.ir 
Address: Medical Informatics Research Center, Institute for Futures Studies in Health, Kerman University of 
Medical Sciences, Haft-bagh Highway, PO Box 7616913555, Kerman, Iran. 

Notes Apps as a behaviour change intervention: App-based CBT could decrease the EPDS score of all mothers in 
the intervention group compared to the control group. In other words, the results showed a significant decrease in 
EPDS score between baseline and 2 months after baseline in the intervention group. On the other hand, there 
were no significant differences between baseline and 2 months after baseline in terms of EPDS score in the 
control group.  

Risk of bias   
Bias Authors’ 

judgement 
Support for judgement 

Random sequence 
generation (selection bias) 

Low risk Quote: "We did not use blocking or stratification during the randomization procedure. 
Randomization was administered by the medical informatics research center and used 
a computer-generated code." 
Quote: "Participants were randomized 1:1 to have immediate mobile application 
access (intervention group) or no mobile application access (control group)." 

Allocation concealment 
(selection bias) 

High risk Quote: "We used simple randomisation to allocate mothers to either intervention or 
control (without any restrictions placed on the sequence)". 
Judgement comment: “simple” suggests that the allocation was not concealed. 

Blinding of participants 
and personnel 
(performance bias) 

High risk Quote: "Because of the nature of the intervention, it was not possible to blind 
participants regarding their allocation to the intervention or control group." 
Judgement comment: Non-blinded. 

Blinding of outcome 
assessment (detection 
bias) 
 

High risk Quote: "Because of the nature of the intervention, it was not possible to blind 
participants regarding their allocation to the intervention or control group." 
Judgement comment: Non-blinded. 

Incomplete outcome data 
(attrition bias) 
All outcomes 

Unclear risk Judgement comment: Post randomised withdrawals are explained. In Figure 2, three 
participants did not complete the EPDS (one participant from the intervention group 
and two from the control group). Intent-to-treat analysis not reported. 
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Selective reporting 
(reporting bias) 

Low risk Judgement comment: All outcome data appears to be reported (Tables 1, 2 & 3). 

Other bias High risk Protection against contamination 
Judgement comment: Women who are depressed are less likely to be involved in 
studies and complete the lessons in the app intervention and the questionnaires.  
Women were incentivised to participate. As it was not blinded it is possible that women 
could openly talk with investigators/data collectors and therefore disclose their 
treatment group. 
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Lim 2021 [4]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial 
Study grouping: Parallel group 

Participants Baseline Characteristics 
Participants: Postnatal women aged ≥21 years who met the eligibility criteria and had been diagnosed with 
gestational diabetes mellitus (GDM) (n=200). 
Age range: The mean age of participants was 32.6 years (SD=4.5) in the intervention group and 32.4 years 
(SD=4.2) in the control group. 
Recruitment: Electronic medical records of all women in the postnatal ward were screened for eligibility. If eligible 
they were approached by the study team and consent was obtained. 
Country: Singapore. 
Inclusion criteria: Eligible women included postpartum women aged ≥21 years diagnosed with GDM between 
24-34 weeks gestation. Women were required to own a smartphone and be able to use an app independently. 
The first-trimester weight must have been documented at or before 13 weeks. 
Exclusion criteria: Women with pre-existing type 1 diabetes mellitus orT2DM and women who delivered before 
36 weeks. 
Pre-treatment: Nil 
Post Hoc analysis by adherence: Nil 

Interventions Intervention: Mobile application (n=101). A mobile phone application called ‘nBuddy’ (nutritionist buddy). The 
intervention allowed participants to log their weight, meals, and activity. It encouraged web-based interactions with 
a health team. The app facilitated goal setting and video clips that encouraged diet, exercise, and emotional 
health behaviours.  
Control: Standard care (N=99). This included a follow-up appointment at 6 weeks postpartum with a clinician for a 
routine postnatal check. The check included dietary advice and a repeat oral glucose tolerance test (OGTT). 

Outcomes Primary outcome: The primary outcome was the percentage of women who were able to achieve their first-
trimester weight at 4 months postpartum if their first trimester BMI was ≤23 kg/m2 or weight loss of at least 5% with 
respect to first-trimester weight if their first trimester BMI was ≥23 kg/m2. 
Outcome type: Continuous: Clinic Measurements (height, weight, anthropometrics)  
Secondary outcomes: Several were included: a 75 g 2-hr OGTT, glycated haemoglobin (HbA1c), C-peptide, 
homeostasis model assessment of insulin resistance, lipid profiles, liver function, high-sensitivity C-reactive 
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protein, and interleukin-6, mean absolute weight loss, breastfeeding status, blood pressure, right-hand grip 
strength and waist circumference, health-directed behavior scores (heiQ),  self-efficacy and RAND-12 
questionnaire, caloric and macronutrient intake assessed by a 3-day food. 
Outcome type: Dichotomous: questionnaires.  
Outcome type: Continuous: return to first-trimester weight by 4 months. 
Outcome type: Continuous: 75 g OGTT. 
Outcome type: Dichotomous: breastfeeding status 

Identification Sponsorship source: Funding for this study was obtained from a Health Services Research Grant from the 
National Medical Research Council, Ministry of Health, Singapore. 
Country: Singapore. 
Setting: National University Hospital (NUH), Singapore. 
Authors name: Eu Leong Yong. 
Institution: Department of Obstetrics and Gynaecology, National University Hospital Yong Loo Lin School of 
Medicine National University of Singapore. 
Email: obgyel@nus.edu.sg 
Address: Department of Obstetrics and Gynaecology, National University Hospital Yong Loo Lin School of 
Medicine National University of Singapore5 Lower Kent Ridge Rd Singapore, 119074. 

Notes Apps as a behaviour change intervention: This study reported that across postnatal lifestyle interventions, the 
engagement level in this app-based study was significantly higher than in studies relying on telephone-based and 
face-to-face interventions. Utilization of the app remained constantly high throughout the study period, with 60% 
usage of the intervention at 4 months. 

Risk of bias   
Bias Authors’ judgement Support for judgement 
Random sequence 
generation (selection 
bias) 

Low risk Quote: “Participants were randomised at the recruitment visit to the intervention or 
control arm using a random permuted block design with a block of 4”.  

Allocation 
concealment 
(selection bias) 

Low risk Quote: “An independent researcher generated the set of sequences and assigned 
participants to the intervention or control groups using sequentially numbered sealed 
opaque envelopes to ensure allocation concealment until the intervention was 
assigned”. 

Blinding of 
participants and 

High risk Quote: "Owing to the nature of the intervention, blinding of participants and assessors 
was not possible”.  
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personnel 
(performance bias) 

Judgement comment: Non-blinded. 

Blinding of outcome 
assessment 
(detection bias) 

High risk Quote: "Owing to the nature of the intervention, blinding of participants and assessors 
was not possible”.  
Judgement comment: Non-blinded. 

Incomplete outcome 
data (attrition bias) 
 

Low risk Judgement comment: Post randomised withdrawals are explained.  In Figure 1, 11 
women (5 intervention and 6 control) were lost to follow-up at week 6 and a further 7 
(1 intervention and 6 control) were lost to follow-up at month 4. An intention-to-treat 
analysis was reported. 

Selective reporting 
(reporting bias) 

Low risk Judgement comment: The primary outcome was reported (mean anthropometric 
measurements in the intervention and control group and their mean differences at 4 
months postpartum). 

Other bias Unclear risk Protection against contamination 
Judgement comment: The ‘Hawthorne effect’ may have occurred i.e., women in the 
control arm might have been more likely to modify their health behaviours in response 
to their awareness of being observed, this may have resulted in bias. Also, women 
who participated are more likely to be motivated when compared to the general 
population. 
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Oostingh 2020 [5]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial 
Study grouping: Parallel group 

Participants Baseline Characteristics 
Participants: Women undergoing IVF treatment with or without ICSI (n=848). 
Age range: Women in the study had a median age of 33 (interquartile range 30–36) years. 
Recruitment: Women were recruited from six IVF centers. 
Country: Netherlands. 
Inclusion criteria: Eligible women were 18–45 years of age, had sufficient knowledge or understanding of the 
Dutch language and were to start their IVF/ICSI treatment within the next 3 months. Male partners were also 
invited to participate. 
Exclusion criteria: Women were excluded in case of oocyte donation or adherence to a specific diet (e.g., vegan 
male partners were also invited to participate if they were not on a specific diet). 
Pre-treatment: Nil. 
Post Hoc analysis by adherence: Nil. 

Interventions Intervention: Smarter Pregnancy program (tailored coaching included a maximum of three e-mails or text 
messages per week) (n=414). 
Control: The ‘‘light’’ version of Smarter Pregnancy (did not have tailored information) (n=434). 

Outcomes Primary outcome: Improvement of inadequate nutritional behaviours based on a reduction of dietary risk score 
(DRS) 24 weeks after starting the Smarter Pregnancy program. 
Outcome type: Dichotomous: questionnaires/risk scores. 
Secondary and tertiary outcomes: Improvement of nutritional and lifestyle behaviours 36 weeks after starting 
the Smarter Pregnancy program according to the DRS and the lifestyle risk score, compliance to complete the 24 
weeks of the coaching program and impact of participation as a couple. Weight and positive pregnancy data were 
also collected. 
Outcome type: Dichotomous: questionnaires/risk scores. 
Outcome type: Continuous: anthropometric measurements.  

Identification Sponsorship source: Supported by the Department of Obstetrics and Gynecology, Erasmus Medical Center, 
University Medical Center, Rotterdam, a grant awarded by the Netherlands Organization for Health Research and 
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Development (project no.209040003), and the Erasmus Medical Center Medical Research Advisor Committees 
‘‘HealthCare Efficiency Research’’ program. 
Country: The Netherlands. 
Setting: IVF clinics 
Comments: J.M.B. reports personal fees from Advisory board Ferring, Advisory board Merck B.V. 
Authors name: Prof. dr. R.P.M. Steegers-Theunissen 
Institution: Department of Obstetrics and Gynecology and Department of Biostatistics, Erasmus Medical Center, 
University Medical 
Center, Rotterdam. 
Email: r.steegers@erasmusmc.nl 
Address: Erasmus MC, Room Ee-2271aP.O. Box 2040 3000 CA Rotterdam, The Netherlands. 

Risk of bias   
Bias Authors’ 

judgement 
Support for judgement 

Random sequence 
generation (selection bias) 

Low risk Quote: "Participating women were randomly assigned to the intervention (regular 
version of Smarter Pregnancy) or control group (light version of Smarter Pregnancy) in 
a 1:1 ratio by computer and stratified according to the study center from which they 
had been recruited. Permuted blocking ensured that the number of women and men 
from the different study centers was balanced between the treatment groups." 
Quote: "The Smarter Pregnancy coaching program was available only in the Dutch 
language, thereby excluding non–Dutch speakers, which gives rise to selection bias." 

Allocation concealment 
(selection bias) 

Low risk Judgement comment: Assigned and permuted by computer so that balance was 
achieved. Researchers blinded to participants, partners randomized together. 

Blinding of participants 
and personnel 
(performance bias) 

Low risk Quote: "Researchers were blinded to the allocation of the participants. When a 
woman and her partner participated together, they were both randomized into the 
same group." 

Blinding of outcome 
assessment (detection 
bias) 

Low risk Judgement comment: researchers were blinded. 

Incomplete outcome data 
(attrition bias) 

Low risk Judgement comment: CONSORT flowchart shows attrition. 
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Selective reporting 
(reporting bias) 

Low risk Judgement comment: All outcome data are presented in tables and supplementary 
files. 

Other bias Unclear risk Baseline characteristics 
Judgement comment: The study population was highly educated, this may have 
impacted the results, i.e., there may have been a larger improvement in behaviour if 
less educated 
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Hanafiah 2022 [6]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial 
Study grouping: Two arms 

Participants Baseline Characteristics 
Participants: Newly registered married or engaged women (young women prior to their first pregnancy). The 
woman will be recruited with her spouse, who also will be exposed to the intervention (randomised women at 
baseline visit n=548). 
Age range: Women were 20-39 years of age and the median age for the intervention group was 29.1 and 27.9 for 
the control group. 
Recruitment: Five designated primary health clinics in Seremban, Malaysia. Other sites in Seremban such as the 
state marriage registration office, temples and churches or other sites (workplaces, malls, gyms, etc.). 
Country: Malaysia 
Inclusion criteria: All women planning to get married in the district of Seremban, in the state of Negeri Sembilan, 
Malaysia were targeted for participation. The inclusion criteria for participation were: 1) female and between 20-39 
years of age; 2) nulliparous; 3) not pregnant at the time of signing the informed consent form; 4) owning a 
smartphone, with either an Android operating system version 4.1 and above or an  
iOS operating system 7.0 and above; and 5) having internet access. 
Exclusion criteria: Female subject undergoing treatment for type 1 or 2 diabetes mellitus, not residing in the 
district of Seremban. 
Pre-treatment: Nil 
Post Hoc analysis by adherence: Nil. 

Interventions Intervention: The JOM MAMA intervention has two components. The first component is an interaction with a 
community health promotor (CHP) who will have three face-to-face meetings, three phone calls and 
communication through a mobile app group chat. Motivational interviewing techniques were used to support and 
motivate the participants to live healthier lifestyles. The second component is an E-health platform which consists 
of two elements: (1) a mobile application in the form of a habit formation application; and (2) a web-based 
interface (N=272). 
Control: The control arm received standard care, which is no contact with a CHP and no access to the E-health 
platform. They received one phone call from a research officer towards the end of the intervention period to 
remind them of their endpoint visit (N=276). 
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Outcomes Primary outcome: A change in the woman’s waist circumference (WC) from baseline to after 33 weeks. 
Outcome type: Continuous  
Secondary outcomes: Differences between intervention and control groups in any change from baseline to after 
33 weeks or between the groups at the endpoint in the following variables: weight; body mass index (BMI) 
following the WHO Asian population cut-off of underweight (<18.5 kg/m2), normal (18.5-22.9 kg/m2), overweight 
(23.0-27.4 kg/m2 
), obese (≥27.5 kg/m2 ); waist-to-height ratio; waist-to-hip ratio; glycated haemoglobin A1c (HbA1c); fasting lipid 
profile (total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglycerides); 
systolic and diastolic blood pressure; diet as measured by a Food Frequency Questionnaire (FFQ) adapted from a 
locally validated version [13]; physical activity and sedentary behaviour as measured by the International Physical 
Activity Questionnaire (IPAQ); and mental health as measured by the Depression Anxiety and Stress Scale 21-
item (DASS-21) [12].To evaluate the efficacy of the intervention on dietary habits, physical activity, sedentary 
behaviour and stress level. 
Outcome type: Continuous 

Identification Sponsorship source: The study forms part of the Jom Mama project. This is a public-private partnership with the 
Ministry of Health Malaysia, Novo Nordisk (Denmark), the University of Southampton (UK), the University of 
Witwatersrand (South Africa), and the Steno Diabetes Center (Denmark) to address diabetes prevention in 
Malaysia. 
Country: Malaysia 
Setting: The trial was conducted at five sites in the district of Seremban, in the state of Negeri Sembilan in 
Malaysia. 
Authors name: Ainul NM Hanafiah. 
Institution: MRC Developmental Pathways for Health Research Unit, Department of Paediatrics, School of 
Clinical Medicine, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa. 
Email: jens.aagaard-hansen@regionh.dk 
Address: Jens Aagaard-Hansen, Health Promotion Research Steno Diabetes Center Copenhagen Herlev, 
Denmark 

Risk of bias   
Bias Authors’ judgement Support for judgement 
Random sequence 
generation (selection 
bias) 

Low risk Quote: "At the baseline measurement visit, subjects were randomised into the 
intervention and control arms at a 1:1 allocation ratio. Random allocation sequences 
were computer-generated with block sizes of six subjects." 
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Allocation 
concealment 
(selection bias) 

Low risk Quote: "Each clinic was provided with a sufficient number of identification (ID) 
numbers with randomisation codes. When a subject is enrolled in the trial, the study 
nurse assigns the lowest available ID number to the subject from the list of ID 
numbers. The main implementation partner has prepared the randomisation list and 
these are distributed to the five designated primary health clinics in Seremban”. 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Judgement comment: non-blinded, community-based 

Blinding of outcome 
assessment 
(detection bias) 

Unclear risk Judgement comment: Not blinded to community health nurses who delivered the 
intervention; however, the authors were blinded to the randomisation codes. 

Incomplete outcome 
data (attrition bias) 
 

Unclear risk Judgement comment: Attrition is documented; however, no information is given 
regarding if the intention to treat analysis was performed. 

Selective reporting 
(reporting bias) 

Low risk Judgement comment: Data for all outcomes appears complete. 

Other bias Unclear risk Judgement comment: Only married women and Malay couples were recruited, 
therefore selection bias. Unmarried women may have different characteristics that 
could influence outcomes. 
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Van Dijk 2020 [7]  
Study 
characteristics 

 

Methods Study design: Randomized controlled trial  
Study grouping: Single-centre 

Participants Baseline Characteristics 
Participants: Women (and men) if they owned a smartphone with internet access, resided in the Netherlands, 
and were contemplating pregnancy or already pregnant (<13weeks of pregnancy) (n=218 women, n=36 men). 
Age range: The mean age of women participants was 30.6 years (interquartile range=5.3) in the intervention 
group and 30.7 years (interquartile range=5.7) in the control group. 
Recruitment: Women eligible for inclusion were recruited by a health care professional working in one of the 
study locations (academic hospital, teaching hospital, midwifery practice, children’s day care or child health 
centre). 
Country: Netherlands 
Inclusion criteria: Women aged 18-45 years who owned a smartphone with internet access, resided in the 
Netherlands and were contemplating pregnancy or already pregnant (<13weeks of pregnancy). 
Exclusion criteria: Women were excluded if they had insufficient knowledge and understanding of the Dutch 
language, if they were being treated by a dietician to lose weight in the context of fertility treatment or if they were 
on a vegan diet. 
Pre-treatment: Body mass index (BMI) was not an exclusion criterion.  

Interventions Intervention: Mobile application ‘Smarter pregnancy’ (version with personalised interaction) (n=109 women). The 
intervention group received tailored coaching based on their answers to the baseline questionnaire regarding 
vegetable, fruit, and folic acid supplement intake. 
Control: Mobile application ‘Smarter pregnancy’ (version with limited functionality and no personalised interaction) 
(n=109 women).  

Outcomes Primary outcome: Compliance of all participants, defined as the percentage of participants who completed the 
online screening at 24 weeks, and degree of improvement in nutrition in women 24 weeks after starting the 
Smarter Pregnancy program, as reflected by a reduction in the dietary risk score (DRS). 
Outcome type: Continuous: a reduction in the mean DRS. 
Secondary outcomes:  Mean dietary risk score (DRS) over time in all women who completed the follow-up 
questionnaire at 36 weeks  
Percentage of participants who started the Smarter Pregnancy program. 
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Outcome type: Continuous: a reduction in the mean DRS. 
Identification Sponsorship source: This research was funded by the Department of Obstetrics and Gynecology, Erasmus 

Medical Center, University Medical Centre, Rotterdam, the Netherlands; a grant from the Netherlands 
Organisation for Health Research and Development (ZonMW) HealthCare Efficiency Research program; and the 
Erasmus Medical Center Mrace Health Care Efficiency Research program. 
Country: Netherlands 
Setting: Urban area of Rotterdam, the Netherlands, including one academic hospital, four teaching hospitals, four 
midwifery practices, and several children’s daycare and child health centers. 
Authors name: Régine P M Steegers-Theunissen 
Institution: University Medical Center Rotterdam 
Email: r.steegers@erasmusmc.nl 
Address: Department of Obstetrics and Gynaecology Erasmus Medical Center University Medical Center 
Rotterdam PO Box 2040 Rotterdam Netherlands. 

Notes Apps as a behaviour change intervention: This study also reported that using a personalized intervention on 
the mobile phone specifically targeted at identifying and improving preconception risk factors can contribute to 
lowering the lack of knowledge. 

Risk of bias   
Bias Authors’ judgement Support for judgement 
Random sequence 
generation (selection 
bias) 

Low risk Quote: "A pre-programmed permuted blocking design (two intervention and two 
control allocations per block) ensured that the number of women from the different 
locations was balanced between the two treatment groups". 

Allocation 
concealment 
(selection bias) 

Low risk Quote: “Allocation into groups was concealed from the researchers.” 

Blinding of 
participants and 
personal 
(performance bias) 

High risk Quote: “There was no blinding of participants, involved health care professionals, or 
involved researchers”. 
Judgement comment: Non-blinded 

Blinding of outcome 
assessment 
(detection bias) 

High risk Quote: “There was no blinding of participants, involved health care professionals, or 
involved researchers”. 
Judgement comment: Non-blinded 
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Incomplete outcome 
data (attrition bias) 

Unclear risk Judgement Comment: Post randomised withdrawals are shown in Figure 1, however, 
the reason for dropouts is not given. Intention-to-treat is not reported. 

Selective reporting 
(reporting bias) 

Low risk Judgement comment: All outcome data for women appears to be reported (Tables 1, 
2 & Figures 2 &3). 

Other bias Unclear risk Baseline characteristics 
Judgement Comment: No significant differences between the groups. 
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Appendix A5: Characteristics of ongoing studies 

Trial number NCT03790449 
Study name PreLiFe-RCT 
Methods A multicentre RCT 
Participants Heterosexual couples starting IVF in Belgian fertility clinics. 
Interventions Control: Participating couples receive 

standard IVF medical treatment. The control group receives a mobile application (app) with treatment 
information detailing medication instructions and planned appointments but not the PreLiFe 
programme. 
Intervention: Both partners of couples randomised to the intervention group receive the new PreLiFe 
programme. The PreLiFe programme includes a mobile application (PreLiFe-app) with treatment 
information and tailored advice and skills training on diet, physical activity, and mindfulness in 
combination with interaction with a healthcare professional, trained in motivational interviewing. 

Outcomes Primary outcome: Cumulative ongoing pregnancy rate (COPR) within 12 months as compared with 
the control group. 
Secondary outcomes: Biomedical outcomes are: BMI, waist circumference, IVF discontinuation, 
clinical pregnancy rate and time to pregnancy. The secondary outcomes in which changes are 
assessed with patient-reported outcome measures: diet, physical activity, emotional distress, and 
quality of life. 

Starting date Trial terminated due to Covid-19 pandemic. All Belgian fertility clinics stopped offering IVF as of 
March 13th, 2020. Recruitment ceased; however, there was follow-up of study participants already 
recruited. The primary outcome was adjusted to ‘time to ongoing pregnancy’. 

Contact information Contact: Christophe Matthys 
Email: Christophe.matthys@uzleuven.be  
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Trial number ChiCTR2000034263 
Study name Behaviour therapy through mobile phone in improving reproductive function for polycystic ovary 

syndrome 
Methods A randomized controlled double-blind study 
Participants Women of childbearing age (18-40 yrs) with polycystic ovary syndrome (PCOS), those who have not 

had any childbirth plans for the past year, those who are overweight/obese or insulin-resistant, 
possess and use smartphones proficiently, and are willing to accept nutrition-compliant exercise 
interventions. 

Interventions Control: Drug therapy combined with lifestyle adjustment and cloud platform follow-up. 
Intervention: Mobile terminal behaviour intervention combined with lifestyle adjustment, drug 
treatment, and cloud platform follow-up. 

Outcomes Primary outcome: Ovulation rate. 
Secondary outcomes: Menstrual cycle, Body index (weight, BMI, waist circumference, hip 
circumference, WHR, blood pressure), sex hormone, Insulin resistance index (HOMA-IR), antral 
follicle count, Liver and kidney function, blood lipids, body composition, treatment compliance, 
adverse reactions, blood samples. 

Starting date Not started yet however planning to start 2020-2022. 
Contact information Contact: Zhang Jing 

Email: jingzhang110914@126.com 
Notes Query: Ethics not approved for this study however may have ethics for another related study (ethics 

dated: 2013-08-26). 
 

  



 

222 

 

Trial number NCT04242069 
Study name Healthy for my Baby- A Randomized Controlled Trial Assessing a Preconception Clinically Integrated 

Technological Intervention to Improve the Lifestyle of Overweight Women and Their Partners 
Methods Multi-center open label parallel group RCT 
Participants Women in the preconception period will be considered for enrolment if they meet the following eligibility 

criteria. Inclusion 
criteria: (1) Age 18 to 40 years old, (2) BMI ≥ 25 kg/m2, (3) the participant intends to conceive within 12 
months of trial enrolment, (4) access to a smartphone. 

Interventions Control: Participants randomized to the control group will receive standard advice on healthy lifestyle habits 
as provided by their usual care provider. Usual care in preconception is the same as that of healthy adults 
and does not specifically involve access to lifestyle interventions.  
Intervention: Participants randomized to the intervention group will receive the Healthy for my Baby 
intervention. Women and their partners will be invited to take part in this lifestyle intervention which includes 
motivational interviews and daily self-monitoring of lifestyle goals through a mobile phone application. 

Outcomes Primary outcome: The primary objective of this trial is to evaluate the impact of the intervention on the diet 
quality of women measured with the Canadian Healthy Eating Index at 2, 4, and 6 months of follow-up. 
Secondary outcomes: The secondary objectives of the preconception period are to evaluate the impact of 
the intervention on: 
– Urinary metabolomic indicators of women’s dietary exposure at 2 months follow-up, 
– The diet quality of male partners at 2, 4, and 6 months follow-up, 
– The other lifestyle habits of women and their partners at 3 and 6 months (physical activity, sleep quality, 
anxious and 
depressive symptoms, and quality of life), 
– The anthropometric measures of women and their partners at 3 and 6 months (weight, waist 
circumference, and body 
fat percentage), and 
– The proportion of women and partners with a weight loss of at least 5% body weight at 3 and 6 months 

Starting date Study commenced June 2021. Currently recruiting, estimated completion date December 2022 
(ClinicalTrials.gov). 

Contact information Contact: Ana C Colmenares 
Email: ensantepourbebe@usherbrooke.ca 

 

mailto:ensantepourbebe@usherbrooke.ca
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Trial number NCT03215173 
Study name Fit After Baby: Increasing Postpartum Weight Loss in Women at Increased Risk for Cardiometabolic 

Disease (FAB) 
Methods Parallel group RCT 
Participants Women aged 18-45, 4-6 weeks postpartum Body Mass Index (BMI): 26- 45 kg/m2 (≥24 for Asians), 

positive history of one or more of the following complications in most recent singleton or twin 
pregnancy: a) Gestational diabetes mellitus, b) Preeclampsia, c) gestational hypertension, d) pre-term 
delivery (32-37 weeks), e) small for gestational age (<10th percentile for gestational age). Also, need 
access to and be willing to use wi-fi enabled iPhone. 

Interventions Control: Text4Baby group will receive text messages from the free Text4Baby program 
Intervention: ‘Fit After Baby’ group will receive a mobile health lifestyle intervention to increase 
postpartum weight loss, increase postpartum physical activity, and improve postpartum diet. 

Outcomes Primary outcomes: 1) Change in weight loss from baseline to one year postpartum 
documentation of any change in weight at one year postpartum compared to weight at baseline, 6 
weeks, 6 months, and 12 months. 2) Change in postpartum weight retention documentation of any 
change in postpartum weight at one year postpartum compared to pre-pregnancy weight at 6 weeks, 
6 months, and 12 months. 
Secondary outcomes: 

1) Evaluation of Subject Satisfaction  
2) Adherence to self-monitoring  
3) Use of app  
4) Number of interactions with lifestyle coach  
5) Change in waist circumference  
6) Change in fasting glucose  
7) Change in HbA1c  
8) Change in fasting insulin  
9) Change in adiponectin  
10) Change in lipids  
11) Change in blood pressure  
12) Change in hsCRP  
13) Change in postnatal depression score  
14) Change in Physical activity  
15) Change in Social Support Social  
16) Change in Self-Efficacy  
17) Change in Perceived  
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18) Change in dietary  
19) Change in breastfeeding status  
20) Change in readiness to change score 

Starting date Study commenced September 2017 and completed November 2020 ClinicalTrials.gov). Author 
contacted for further information, manuscript drafted for submission to a scientific journal.  

Contact information Contact: Jacinda Nicklas 
Email: jacinda.nicklas@cuanschutz.edu 

 

mailto:JACINDA.NICKLAS@CUANSCHUTZ.EDU
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Appendix A6: Summary of findings table 

Outcome 
№ of participants 

(studies) 

Anticipated absolute effects (95% CI) 

Certainty 
Without a mobile phone 

app 
With mobile phone apps Difference 

a) Energy intake  
№ of participants: 937 
(2 RCTs) 

The mean energy intake 
was 1666 kcal 

The mean energy intake was 1322 
kcal 

MD 140.89 kcal fewer 
(-190.19 fewer to -91.59 

fewer) 

⨁◯◯◯ 
Very lowb,c,e 

b) Weight loss  
№ of participants: 529 
(3 RCTs) 

The mean weight loss 
was 0.18 kg The mean weight loss was 0.77 kg 

MD 0.78 kg fewer 
(-1.20 fewer to -0.36 

fewer) 

⨁◯◯◯ 
Very lowa,b,c,d,e 

c) Body fat loss (BMI) 
№ of participants: 340 
(2 RCTs) 

The mean body fat loss 
was 0.52 % The mean body fat loss was 0.12 %  

MD 0.32 % lower 
(-0.55 lower to -0.09 

lower) 

⨁◯◯◯ 
Very lowa,b,c,e 

d) Blood pressure - Systolic  
№ of participants: 529 
(3 RCTs) 

The mean blood pressure 
- Systolic was 109.4 
mmHg 

The mean blood pressure - Systolic 
was 110.6 mmHg  

MD 1.63 mmHg higher 
(-0.42 lower to 3.68 

higher) 

⨁◯◯◯ 
Very lowa,c 

e) Blood pressure - Diastolic  
№ of participants: 340 
(2 RCTs) 

The mean blood pressure 
- Diastolic was 72.4 
mmHg 

The mean blood pressure - Diastolic 
was 73.5 mmHg 

MD 1.33 mmHg higher 
(-0.77 lower to 3.42 

higher) 

⨁◯◯◯ 
Very lowa,c 
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Outcome 
№ of participants 

(studies) 

Anticipated absolute effects (95% CI) 

Certainty 
Without a mobile phone 

app 
With mobile phone apps Difference 

f) HbA1c 
assessed with: % 
№ of participants: 494 
(2 RCTs) 

The mean HbA1c was 
5.2 % The mean HbA1c was 5.3 % 

0.1 % higher 
(0.04 higher to 0.16 

higher) 

⨁◯◯◯ 
Very lowa,b,c 

g) Total cholesterol 
assessed with: mmol/L 
№ of participants: 494 
(2 RCTs) 

The mean total 
cholesterol was 5.02 
mmol/L 

The mean total cholesterol was 5.00 
mmol/L 

0.02 mmol/L higher 
(-0.13 lower to 0.18 

higher) 

⨁◯◯◯ 
Very lowa,c,d 

h) HDL 
assessed with: mmol/L 
№ of participants: 494 
(2 RCTs) 

The mean HDL was 1.52 
mmol/L The mean HDL was 1.53 mmol/L 

0.01 mmol/L higher 
(-0.06 lower to 0.08 

higher) 

⨁◯◯◯ 
Very lowa,c,d 

 
Explanations 
a. Downgraded for unclear risk of bias 

b. P-value <0.05, therefore, null hypothesis rejected 

c. Endpoint differences in measure variable 

d. 95% CI overlaps no effect 

e. Unexplained heterogenity of results 
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Appendix A7: Secondary outcomes 

Outcomes N Intervention N Control P-value (where 
reported) 

Gilmore et al. (2017) 
Evaluation of intervention (Intervention adherence) 
Higha (weight in Kg) 5 -3.6 ± 1.6  16 -5.4 ± 1.8 0.03 vs 0.005 
Higha (body fat in %)  5 -2.5 ± 1.0  16 1.7 ± 0.6 0.02 vs 0.001 
Higha (hip circumference in cm)  5 -5.0 ± 1.7 16 NR 0.006 
Mediumb (weight in Kg) 7 -0.4 ± 1.3 16 NR 0.75 vs 0.17 
Mediumb (hip circumference in cm) 7 0.96 ± 1.44 16 NR 0.51 
Lowc (weight in Kg) 7 2.7 ± 1.3 16 NR 0.04 vs 0.56 
Lowc (hip circumference in cm) 7 2.8 ± 1.4 16 NR 0.06 
Hanafiah et al. (2022) 
Psychosocial outcomes (DASS-21)d  
Depression:  Normal 145 114 (78.6) 160 124 (77.5) 0.595 
                        Moderate 145 29 (20) 160 31 (19.4) NR 
                        Severe 145 2 (1.4) 160 5 (3.1) NR 
Anxiety:         Normal 145 77 (53.1) 160 81 (50.6) 0.635 
                        Moderate 145 50 (34.5) 160 53 (33.1) NR 
                        Severe 145 18 (12.4) 160 26 (16.3) NR 
Stress:            Normal 145 119 (82.1) 160 124 (77.5) 0.190 
                        Moderate 145 23(15.9) 160 26 (16.3) NR 
                        Severe 145 3 (2.1) 160 10 (6.3 NR 
Oostingh et al. (2020) 
Evaluation of intervention (Compliance)d 

Program completed (24 weeks) 308 211 (68.5) 318 257 (80.8) NR 
van Dijk et al. (2020) 
Evaluation of intervention (Compliance)d 
Program completed (24 weeks) 109 86 (78.9) 109 91 (83.5) 0.95 
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Notes: Unless otherwise stated, values reported for intervention and control groups are presented as mean ± standard error. a High adherence 

was meeting >70% (5 for more days of engagement per week). b Medium adherence was meeting 40.1-70% (3 days or engagement per week). 
c Low adherence was meeting ≤40% (1-3 days of engagement per week). d Reported as frequency and percentage. e Percentage of days an 

app component was used per user and mean (SD). BP=Blood pressure. DASS-21=Depression Anxiety and Stress Scale 21 items. NR=Not 

reported. 

Lim et al. (2021) 
Successful initiation of breastfeeding (Mean difference (95% CI) 
Exclusive breastfeeding (days): Unadjusted: 
0.95 (0.53-1.70) 

96 51.6 93 52.9 0.86 

                                                         
Adjusted: 1.26 (0.41-3.86) 

96 50.5 93 48.3 0.68 

Evaluation of intervention (User engagement) 
Overall utilization rate: 4-month average 101 65.5 (29.0) NR NR NR 
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Appendix A8: Comparisons 
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APPENDIX B 

Appendix B1: Survey 
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Your understanding of preconception and pregnancy
health
SURVEY INFORMATION

 

If you are older than 18 years and are at an age where you can have a child, or are currently pregnant we would love
to hear from you. We want to hear from partners too.
 
 

You are invited to take part in a research study which will explore your understanding of health before and during
pregnancy by women and men of childbearing age. This survey takes around 15-20 minutes to complete.
Preconception health focuses on taking steps now to protect the health of a baby in the future. Pregnancy health
focuses on you and/or your partner’s health during the period of pregnancy. We intend that this research study will
help us to understand parents and prospective parents views, knowledge and wishes in this area in order to inform
the delivery of preconception and pregnancy healthcare and information, it may not be of direct benefit to you. 
 
 

Participation in this study is entirely voluntary. You do not have to take part in it. Please note that by completing and
submitting this survey, you will be indicating your consent to participate. If you do decide to participate but then
change your mind before finishing the survey, simply close your web browser. 
 
 

The information you provide is completely confidential. Access to study information will be limited to members of the
research team only and no identifying information will appear in any publications or presentations.
 
 

The survey has been approved by the Ethics Review Committee (RPAH Zone) of the Sydney Local Health District. Any
person with concerns or complaints about the conduct of this study should contact the Executive Officer on (02) 9515
6766 and quote protocol number X15-0325. If you have any questions about the study, or would like any information
about the Sydney Local Health District Pregnancy Planning Clinic, please contact Loretta Musgrave or Dr Adrienne
Gordon at RPAH by phoning 0421633406 or email lmus9038@uni.sydney.edu.au or adrienne.gordon@sydney.edu.au 

 

 

At the end you can choose whether to provide contact details to go into a draw for a $100 Coles/Myer voucher or
FitBit Flex, we have 10 to give away. The contact details will not be associated with your answers and will be deleted
upon completion of the study.

THE FOLLOWING QUESTIONS RELATE TO YOU AND YOUR BACKGROUND
Are you? Female

Male

How old are you? Under 20
20-24
25-29
30-34
35-39
40-44
45+

https://projectredcap.org
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What is your current marital status? Never married
Married or de facto
Separated
Divorced
Widowed

Were you born in Australia? Yes
No

If you were born in Australia, are you of Aboriginal No
or Torres Strait Islander origin? Aboriginal only

Torres Strait Islander only
Both

If you were born overseas, in what year did you first
arrive in Australia to live here for one year or more? __________________________________

Did you arrive in Australia as a refugee or asylum Yes
seeker? No

If you were born overseas, in which country were you United Kingdom
born? India

Italy
Pakistan
Italy
Greece
New Zealand
Vietnam
China
Indonesia
Sri Lanka
Iraq
Lebanon
Other

If other, please state
__________________________________

Do you speak a language other than English at home? Yes
No

If so, please specify
__________________________________

What is your religion? No religion
Catholic
Anglican (Church of England)
Uniting Church
Presbyterian
Buddhist
Greek Orthodox
Islam
Baptist
Lutheran
Other

If other, please state
__________________________________

https://projectredcap.org
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What is the highest qualification you have attained? Did not finish high school
High school certificate, or equivalent
Certificate, diploma or advanced diploma
Graduate diploma
Bachelor degree
Postgraduate degree

What is your current employment status? Full-time
Part-time
On paid leave, on strike or temporarily stood down
Unpaid in a family business
Other unpaid work
Do not have a job
Studying
Other

If other, please state
__________________________________

Are you studying full-time or part-time? Full-time student
Part-time student

What is the total of all wages/salaries, government $2,000 or more per week ($104,000 or more per year)
benefits, pensions, allowances and other income you $1,500 - $1,999 per week ($78,000 - $103,999 per
usually receive? year)

$1,250 - $1,499 per week ($65,000 - $77,999 per
If you are not currently receiving an income, what is year)
your total household income $1,000 - $1,249 per week ($52,000 - $64,999 per

year)
Do not deduct: tax, superannuation contributions, $800 - $999 per week ($41,600 - $51,999 per year)
health insurance, amounts salary sacrificed or any $600 - $799 per week ($31,200 - $41,599 per year)
other automatic deductions $400 - $599 per week ($20,800 - $31,199 per year)

$300 - $399 per week ($15,600 - $20,799 per year)
$200 - $299 per week ($10,400 - $15,599 per year)
$1 - $199 per week ($1 - $10,399 per year)
Nil income

What is your residential postcode?
__________________________________

https://projectredcap.org
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THE FOLLOWING QUESTIONS ARE ABOUT YOUR HEALTH
Do you have any of the following chronic medical No
conditions? Diabetes

High blood pressure (essential hypertension)
Please mark any appropriate High cholesterol (hypercholesterolaemia)

Obesity
A thyroid disorder (under- or over-active thyroid)
Inflammatory bowel disease (e.g. Crohn's disease,
ulcerative colitis)
Kidney disease
A congenital heart (cardiac) disorder
A genetic or inherited condition
Mental health condition
Other

If you answered that you have diabetes, please specify
what type of diabetes you have. __________________________________

If you answered that you have a genetic or inherited
condition, please specify the type __________________________________

If you answered that you have a mental health
condition, please specify the type. __________________________________

If you answered other, please state
__________________________________

Do you take regular prescription medication, other Yes
than the oral contraceptive pill? No

If yes, please specify type and dose
 
__________________________________________

What is your height in metres?
__________________________________

What is your weight in kilograms?
__________________________________

BMI
__________________________________

Are you currently pregnant? No
Yes
Unsure but possible as currently trying

Hypothetically, if you (or your partner) became I would be happy or very happy
pregnant tomorrow I would be neither happy nor unhappy (neutral)

I would be unhappy or very unhappy
I would prefer not to answer

https://projectredcap.org
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We are interested in how a persons self-esteem and their social support network might affect
their access to pre-pregnancy and pregnancy information. 

THESE QUESTIONS ASK ABOUT SELF-ESTEEM.

Below is a list of statements dealing with your general feelings about yourself, please indicate
how much you agree with each statement:

Strongly agree Agree Disagree Strongly disagree
On the whole, I am satisfied with
myself

At times, I think I am no good at
all

I feel that I have a number of
good qualities

I am able to do things as well as
most other people

I feel I do not have much to be
proud of

I certainly feel useless at times
I'm a person of worth, at least on
an equal plane with others

I wish I could have more respect
for myself

All in all, I am inclined to feel
that I am a failure

I take a positive attitude toward
myself

https://projectredcap.org
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THE FOLLOWING QUESTIONS ASK ABOUT PEOPLE IN YOUR LIFE WHO PROVIDE YOU WITH HELP
OR SUPPORT. 

 Please indicate how you feel about each statement.
Very

strongly
agree

Strongly
agree

Mildly
agree

Neutral Mildly
disagree

Strongly
disagree

Very
strongly
disagree

There is a special person who is
around when I am in need

There is a special person with
whom I can share my joys and
sorrows

My family really tries to help me
I get the emotional help and
support I need from my family

I have a special person who is a
real source of comfort to me

My friends really try to help me
I can count on my friends when
things go wrong

I can talk about my problems
with my family

I have friends with whom I can
share my joys and sorrows

There is a special person in my
life who cares about my feelings

My family is willing to help me
make decisions

I can talk about my problems
with my friends

If you need to talk to someone relating to any of the questions above, please contact one of the support services
listed below:

PANDA (Perinatal Anxiety & Depression Australia); www.panda.org.au; weekdays 10am to 5pm PH: 1300 726 306

Beat Baby Blues; www.beatbabyblues.com.au

SIDS and Kids; www.sidsandkids.org; 24 hour bereavement support line PH: 1300 308 307

Integrated Support After Infant Loss, RPAH; PH: : 02 9515 6677

Lifeline; 24 hour telephone counselling PH: 13 11 14

Beyond Blue; www.beyondblue.org.au; PH: 1300 22 4636

SANE Helpline; weekdays 9am to 5pm PH: 1800 187 263

Relationships Australia; PH: 1300 364 277

https://projectredcap.org
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THE NEXT SET OF QUESTIONS RELATE TO CONTRACEPTION AND FAMILY PLANNING
Which of the following forms of contraception are you Not having sexual intercourse
currently using? Condoms

The pill
Withdrawal method
Natural methods
Implant
Injection (Depoprovera)
Diaphram
Intrauterine device
Hormonal ring
Relying on emergency contraception
Other
Nothing
Nothing, I am trying to get pregnant

Please specify
__________________________________

How long do you want to wait until you begin or add to I do not want children
your family? No plans at the present time

Currently trying
Considering in the next 6 to 12 months
Considering in the next 1 to 2 years
Considering in the next 3 to 5 years
Considering beyond 5 years
Have tried, unable to get pregnant
I have had all my children

https://projectredcap.org
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What are the top three important factors that have influenced your decision about when or if
to have children?

Please select 3 only, and rank 1 - 3 in order of importance to you 

1 = most important
2 = important
3 = least important

1 2 3
Education/training
Career
Permanent employment
Health status
Travel
Financial security
Owning a home
Feeling of a "biological clock"
My own interest/desire for
children

My partner's interest/desire for
children

My partner's suitability to parent
The proximity to family
Culture or faith
Past experience with pregnancy
loss

Past experience with infertility

https://projectredcap.org
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THESE QUESTIONS RELATE TO DECISION MAKING REGARDING FAMILY PLANNING

If you are in a relationship answer on behalf of you and your partner. 
If you are single and planning to have children answer on behalf of yourself.
My partner and I have a plan for having a child Very strongly agree

Strongly agree
Agree
Neutral
Disagree
Strongly disagree
Very strongly disagree

My partner and I have talked about when we want a Very strongly agree
child Strongly agree

Agree
Neutral
Disagree
Strongly disagree
Very strongly disagree

My partner and I have talked about how to prevent a Very strongly agree
pregnancy Strongly agree

Agree
Neutral
Disagree
Strongly disagree
Very strongly disagree

My partner and I have talked about how many children Very strongly agree
we want to have Strongly agree

Agree
Neutral
Disagree
Strongly disagree
Very strongly disagree

My partner and I have talked to a medical professional Very strongly agree
about having a child Strongly agree

Agree
Neutral
Disagree
Strongly disagree
Very strongly disagree

How important is it to you to avoid getting pregnant? I really don't want to get pregnant
I don't want to get pregnant
I don't care either way
I don't really mind if I get pregnant
It is not at all important

How important is it to you to get pregnant? I really want to get pregnant
I want to get pregnant
I don't care either way
I don't really mind if I get pregnant
It is not at all important

https://projectredcap.org
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WE ARE INTERESTED TO KNOW WHAT PRECONCEPTION HEALTH MEANS TO YOU

Preconception health relates to your health before getting pregnant, when planning a
pregnancy or when trying to get pregnant.
If you have seen, heard or read anything about TV programme
preconception health, where was it? Radio

Newspapers
Please select all that apply Magazines

A mobile app
Social media
Internet
Email
Blog
Healthcare provider
Family or friend
Nothing recently

If mobile app, please specify which one(s)
__________________________________

If social media, please specify which
__________________________________

If internet, please specify which web site(s)
__________________________________

https://projectredcap.org
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Please rate the importance of each statement in regards to which you believe are important
actions to take when thinking about starting a family

Please mark the corresponding circle for each statement
Important to me Somewhat important

to me
Not important to me Not relevant to me

Talk to your doctor/GP about
pregnancy

Know your family medical
historyHave an STI check
Get contraception/fertility advice
Stop contraception
Review your prescription
medication

Be up-to-date with your
immunisations

Having a flu shot
Ensure you have good mental
health

See the dentist
Have an eyesight test
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Please rate the importance of each statement related to the importance of diet whilst
planning pregnancy

Please mark the corresponding circle for each statement
Important to me Somewhat important

to me
Not important to me Not relevant to me

Don't eat fish
Only eat certain fish
Avoid soft cheeses and deli
meatsEat a healthy diet
Limit your caffeine intake
Avoid drinking alcohol
Take a folate supplement
Take a multi-vitamin for trying to
get pregnant or pregnancy

Take a general multi-vitamin
supplement

Take a Vitamin C supplement
Take a Vitamin D supplement
Take an iron supplement
Take a zinc supplement
Take an omega-3 supplement

https://projectredcap.org
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Please rate the importance of each statement in relation to which lifestyle actions you believe
are the most important to consider or do before trying to become pregnant?

Please mark the corresponding circle for each statement
Important to me Somewhat important

to me
Not important to me Not relevant to me

Exercise most days
Limit your sedentary activities
Avoid smoking cigarettes
Avoid using illegal drugs
Minimising exposure to toxins
and radiation

Be a healthy weight

https://projectredcap.org
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PLEASE TELL US YOUR THOUGHTS ON WEIGHT LOSS PROGRAMS
If such programs were available, would you consider Yes
participating in a weight loss program prior to No
getting pregnant?

What sort of program would you be most likely to join? A personalised online weight loss and lifestyle
program
A personalised online weight loss and lifestyle
program with additional private dietitian support
via video conference (eg skype)
A group support program such as "weight watchers"
A home delivered healthy meals program eg "Lite
and Easy"
Mobile app providing weight loss and lifestyle
advice
An intensive meal replacement program eg shakes
via a weight management service eg GP or hospital

Please select the best match for how long you  would 8 weeks
be happy to follow such a program for 12 weeks

6 months
9 months
12 months

https://projectredcap.org
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THE FOLLOWING QUESTIONS RELATE TO THE DELIVERY OF PRECONCEPTION HEALTH CARE
If you wanted to find out more about preconception GP
health, where would you prefer to access your Obstetrician/Gynaecologist
information? Fertility specialist

Nurse
Midwife
Pharmacist
Family Planning Clinic
Family and/or friends
Social media
The internet
A mobile app

If social media, please specify
__________________________________

If internet, please name which site(s)
__________________________________

If mobile app, please specify
__________________________________

Many health professionals provide preconception care, GPs
in your opinion, which group is best placed to lead Obstericians/gynaecologists
the delivery of preconception health care? Fertility specialists

Nurses
Midwives
Pharmacists
Family planning clinics
Early childhood centres
Other

If "other " please specify
__________________________________

Are you interested in receiving preconception health Very interested
information? Somewhat interested

Unsure
Not at all interested

If receiving preconception health information, when At the time we become pregnant
would you prefer to receive it? Before we try to get pregnant

During pregnancy
Every time I get an annual medical exam
Unsure

https://projectredcap.org
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If receiving preconception health information, what A checklist of essential aspects of preconception
kinds of resources and delivery methods would you find health
useful to learn about preconception health? General brochure on preconception health targeted

for distribution to women
Please select all that apply General brochure on preconception health targeted

for distribution to both women and men
A single website that contains all the
information, or links to information, you need and
can trust
A list of websites with information you can trust
A mobile app
A publically funded pregnancy planning clinic
A non-government organisation
GP practice
Other

If other, please state
__________________________________

If mobile app, please specify
__________________________________

Has your GP spoken to you (and/or your partner) about Yes
preconception health? No

Would an incentive (e.g. vouchers, baby equipment, More likely
travel reimbursement) make you more or less likely to Less likely
attend a preconception health visit? A healthy pregnancy and baby would be the best

incentive for me
Would make no difference to me

https://projectredcap.org
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WE ARE INTERESTED TO KNOW WHAT A HEALTHY PREGNANCY MEANS TO YOU AND WHERE
YOU GO TO FIND INFORMATION
If pregnant, how many weeks pregnant are you?

__________________________________

Which of the following do you use to access TV programme
information about pregnancy? Radio

Newspapers
Please select all that apply Magazines

A mobile app
Social media
Internet
Email
Blog
Healthcare provider
Family or friend
Nothing recently

If mobile app, please specify name(s)
__________________________________

If social media, please specify
__________________________________

If internet, please specify which site(s)
__________________________________

https://projectredcap.org
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Please rate the importance of the following actions related to seeing a healthcare professional
during pregnancy

Please mark the corresponding circle for each statement
Important to me Somewhat important

to me
Not important to me Not relevant to me

Talk to your doctor/GP about
pregnancy

Know your family medical
historyHave an STI check
Review your prescription
medication

Be up-to-date with your
immunisations

Have a flu shot
Ensure you have good mental
health

See the dentist
Talk to a midwife
Have a pap smear
Have a screening test for down
syndrome or other genetic
conditions

Have a diagnostic test for down
syndrome or other genetic
conditions (e.g. an
amniocentesis)
Attend regular antenatal visits at
the hospital

Have an ultrasound scan
Have a test for gestational
diabetes

Talk to your doctor or midwife
about possible risks of
pregnancy e.g. preterm birth,
miscarriage, stillbirth

Please specify any other actions related to seeing a
healthcare professional in your pregnancy that are  
important to you __________________________________________
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Please rate the importance of the following actions related to diet in pregnancy?

Please mark the corresponding circle for each statement
Important to me Somewhat important

to me
Not important to me Not relevant to me

Don't eat fish
Only eat certain fish
Avoid soft cheeses and deli
meatsEat a healthy diet
Limit your caffeine intake
Avoid drinking alcohol
Take a folate supplement
Take a multi-vitamin for trying to
get pregnant or pregnancy

Take a general multi-vitamin
supplement

Take a Vitamin C supplement
Take a Vitamin D supplement
Take an iron supplement
Take a zinc supplement
Take an omega-3 supplement
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Please rate the importance of the following lifestyle/habits in pregnancy?

Please mark the corresponding circle for each statement
Important to me Somewhat important

to me
Not important to me Not relevant to me

Exercise most days
Limit your sedentary activities
Avoid smoking cigarettes
Avoid using illegal drugs
Minimise exposure to toxins and
radiation

Rest as much as possible
Sleep on your side
Minimise stress
Keep your pregnancy weight
gain within recommendations
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THE FOLLOWING QUESTIONS RELATE TO OUTCOMES FOR WOMEN
Do you think any of the following outcomes for women Caesarean section
might be affected by their weight BEFORE they get Diabetes in pregnancy
pregnant? High blood pressure in pregnancy

Sleep disturbance
Select any that apply Back pain

Breastfeeding
Diabetes in later life
Cardiovascular disease in later life
Other
None

If other, please state
__________________________________

Do you think of the following outcomes for mothers Caesarean section
might be affected by the amount of weight they gain Diabetes in pregnancy
DURING pregnancy? High blood pressure in pregnancy

Sleep disturbance
Select any that apply Back pain

Breastfeeding
Diabetes in later life
Cardiovascular disease in later life
Other
None

If other, please state
__________________________________
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THE FOLLOWING QUESTIONS RELATE TO OUTCOMES FOR BABIES
Do you think any of the following outcomes for babies Birthweight
might be affected by the weight of their mother BEFORE Miscarriage
she was pregnant? Stillbirth

Preterm birth
Select any that apply Childhood obesity

Diabetes in later life
Cardiovascular disease in later life
Other
None

If other, please state
__________________________________

Do you think any of the following outcomes for babies Birthweight
might be affected by the amount of weight their mother Miscarriage
gained DURING pregnancy Stillbirth

Preterm birth
Select any that apply Childhood obesity

Diabetes in later life
Cardiovascular disease in later life
Other
None

If other, please state
__________________________________
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THE FOLLOWING QUESTIONS RELATE TO THE DELIVERY OF PREGNANCY HEALTH CARE
If you wanted to find out more about your health in GP
pregnancy, where would you prefer to access your Obstetrician/Gynaecologist
information? Fertility specialist

Nurse or midwife
Pharmacist
Family Planning Clinic
Family and/or friends
Social media
The internet
A mobile app

If social media, please specify
__________________________________

If internet, please specify which web site(s)
__________________________________

If mobile app, please specify
__________________________________

At what time have you accessed information on At the time we become pregnant
pregnancy health? Before we try to get pregnant

During pregnancy
Every time I get an annual medical exam
Unsure
Never

What kinds of resources would you find useful to learn A checklist of essential aspects of pregnancy
about pregnancy health? health

General brochure on pregnancy health targeted for
Please select all that apply distribution to women

General brochure on pregnancy health targeted for
distribution to both women and men
A single website that contains all the
information, or links to information, you need and
can trust
A list of websites with information you can trust
A mobile app
A social media support group of other
mothers/fathers
Blog
Other

If other, please state
__________________________________

Have you attended regular antenatal visits with your Yes
midwife, doctor or hospital since becoming pregnant? No

Please state how many visits
__________________________________

Would an incentive (e.g. vouchers, baby equipment, More likely
travel reimbursement) make you more or less likely to Less likely
attend an antenatal health visit? A healthy pregnancy and baby would be the best

incentive for me
Would make no difference to me

https://projectredcap.org
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THIS FINAL SET OF QUESTIONS RELATE TO ANY LIFESTYLE OR HEALTH CHANGES YOU HAVE
MADE FOR PREVIOUS PREGNANCIES OR YOUR CURRENT PREGNANCY
Have you or your partner previously been pregnant? Yes

No

How many times have you or your partner been pregnant?
__________________________________

Have you or your partner previously experienced a Yes
miscarriage or stillbirth? No

Could you please tell us at what gestation, and if you
found out why this happened?  

__________________________________________

Have you or your partner had a termination of Yes
pregnancy? No

Have you or your partner previously had a live born Yes
baby? No

Could you please tell us how many children you have
and how old they are now?  

__________________________________________

Before getting pregnant, did you take any actions to No actions
prepare for pregnancy such as taking folic acid One action
supplementation, stopping or reducing smoking, Two or more actions
stopping or reducing alcohol intake, or seeking
medical advice?

Please list your actions
 
__________________________________________

How easy was it for you to make healthy changes during Very easy
your last or this current pregnancy? Easy

Neither easy nor difficult
Difficult
Very difficult

How important do you think making healthy changes was Very important
for you? Important

Unsure
Little importance
No importance

Please specify why
__________________________________
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If you did not take any actions to prepare for your Did not plan this pregnancy
last or this pregnancy, what were the main reasons? My current social situation makes this difficult

I don't have enough support to be able to make
healthy changes
I am too busy
I am already very healthy and did not need to make
any pregnancy specific changes
Other

If other, please state
__________________________________

Do you have any final comments about preconception or
pregnancy health?  

__________________________________________
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THANK YOU FOR YOUR TIME IN COMPLETING THIS SURVEY
Are you willing to be contacted to consider Yes
participation in future research related to No
preconception and /or pregnancy health?

If so please provide your contact details below

Name
__________________________________

Email address
__________________________________

Best contact phone number
__________________________________

Would you like to go into the draw to win a $100 Yes - Please include your contact details
Coles/Myer Voucher or a Fitbit flex? No, thank you

Please choose whether you would prefer a Coles Voucher Voucher
or a Fitbit? Fitbit

https://projectredcap.org
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Appendix B2: Women’s knowledge of the impact of weight gain before and during pregnancy on outcomes for 
women and babies based on BMI 

Legend: *CVD, cardiovascular disease 

 Selected outcomes related to a woman’s weight 
BEFORE pregnancy 

N (%) 

Selected outcomes related to a woman’s weight 
gain DURING pregnancy 

 N (%) 
 BMI < 25  

n=274 
BMI > 25 
n=279 

P value BMI < 25 
n=245 

BMI > 25 
n=241 

P value 

Outcomes for women       
Caesarean section 123 (44.9) 115 (41.2) 0.38 102 (37.2) 113 (40.5) 0.43 
Diabetes in pregnancy 204 (74.5) 209 (75) 0.9 197 (71.9) 203 (72.8) 0.82 
High blood pressure in 
pregnancy 

195 (71.2) 196 (70.3) 0.82 184 (76) 189 (67.7) 0.88 

Sleep disturbance 115 (42) 110 (39.4) 0.54 126 (46) 136 (48.7) 0.52 
Back pain 161 (58.8) 159 (57) 0.67 178 (65) 179 (64.2) 0.84 
Breastfeeding 51 (18.6) 41 (14.7) 0.22 51 (18.6) 54 (19.4) 0.82 
Diabetes later in life 165 (60.2) 168 (60.2) 1.0 137 (50) 137 (49.1) 0.83 
*CVD later in life 156 (56.9) 153 (54.8) 0.62 118 (43.1) 117 (41.9) 0.78 
None 9 (3.3) 5 (1.8) 0.26 10 (3.6) 6 (2.2) 0.29 

Outcomes for babies       
Birthweight 149 (55) 149 (53.4) 0.82 144 (52.6) 150 (53.8) 0.77 
Miscarriage 119 (43.4) 111 (39.8) 0.38 81 (29.6) 73 (26.2) 0.37 
Stillbirth 102 (37.2) 83 (29.7) 0.062 77 (28.1) 77 (27.6) 0.9 
Preterm birth 122 (44.5) 93 (33.3) 0.007 112 (40.9) 102 (36.6) 0.3 
Childhood obesity 151 (55.1) 138 (49.5) 0.18 137 (50) 126 (45.2) 0.25 
Diabetes later in life 134 (48.9) 137 (49.1) 0.96 130 (47.4) 119 (42.7) 0.26 
*CVD later in life 121 (44.2) 109 (39.1) 0.22 99 (36.1) 86 (30.8) 0.19 
None 17 (6.2) 12 (4.3) 0.31 33 (12) 22 (7.9) 0.10 
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APPENDIX C 

Appendix C1: Frequency of behaviour change technique inclusion across the apps (Breastfeeding n = 49. 
Maternal fetal movement monitoring n = 52, Healthy weight in pregnancy n = 40) 

Behaviour change technique (BCT) Breastfeeding - Number of 
apps that included the BCT 
(%) 
 

Maternal fetal movement 
monitoring – Number of apps 
that included the BCT (%) 

Healthy weight in pregnancy – 
Number of apps that included 
the BCT (%) 

1. Provide information on 
consequences of behaviour in general 

9 (18) 9 (17) 9 (22) 

2. Provide information on 
consequences of behaviour to the 
individual 

8 (16) 3 (5) 5 (12) 

4. Provide normative information about 
others’ behaviour 

3 (6) 3 (5) 4 (10) 

5. Goal setting (behaviour) 0 (0) 5 (9) 2 (5) 
6. Goal setting (outcome) 5 (10) 4 (7) 5 (12) 
8. Barrier identification/problem 
solving 

2 (4) 0 (0) 2 (5) 

15.Prompting generalisation of a target 
behaviour 

4 (8) 4 (7) 1 (2) 

16. Prompt self-monitoring of 
behavioural  

1 (2) 3 (5) 2 (5) 

17. Prompt self-monitoring of 
behavioural outcome 

0 (0) 2 (3) 3 (7) 
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18. Prompting focus on past success 1 (2) 0 (0) 1 (2) 
20. Provide information on where and 
when to perform the behaviour 

3 (6) 7 (13) 1 (2) 

21. Provide instruction on how to 
perform the behaviour 

4 (8) 6 (11) 1 (2) 

22. Model/demonstrate the behaviour 2 (4) 0 (0) 0 (0) 
24. Environmental restructuring 2 (4) 0 (0) 1 (2) 
32. Fear arousal 0 (0) 1 (1) 1 (2) 
33. Prompt self-talk 2 (4) 0 (0) 0 (0) 
38. Time management 2 (4) 5 (9) 0 (0) 
40.Stimulate anticipation of future 
rewards 

1 (2) 0 (0) 2 (5) 
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APPENDIX D 

Appendix D1: Reports supplied by Best Beginnings 

1)     Focus groups and interviews conducted by Alex Walley Research (2012) to test 

assumptions and concepts (unpublished observations). 

2) Focus groups and interviews conducted by Alex Walley Research (2014) to 

test app prototype (unpublished observations). 

3) Focus groups conducted by Alex Walley Research (2014) post-launch 

           Qualitative research (unpublished observations). 

4) App Pilot Evaluation Report: National in-app data & in-app data from Guys and 

St Thomas’ and Blackpool (2014-2015). 

5) Report on the Evaluation of Baby Buddy M-Health Intervention with a focus on 

the GSTT Pilot Embedding Site (2016). 

6)  The BaBBLeS study (Bumps and BaBies Longitudinal Study) (2016). Ethics 

approval from the West Midlands-South Birmingham Research Ethics 

Committee (NRES) (16/WM/0029) and the University of the West of England, 

Bristol, Research Ethics Committee (HAS.16.08.001). 

7) Process evaluation using ethnographic methods (observations and interviews), 

surveys, monitoring, and outcome data analysis by the University of Central 

Lanchashire (2017) (unpublished observations). Ethics approval from The East 

Midlands-Nottingham 2 NRES Committee and the Science, Technology, 

Engineering, Medicine, and Health (STEMH) ethics sub-committee at the 

University of Central Lancashire (project no. 358) provided ethics approval for 

the study. Governance approval was granted by all relevant NHS trusts at each 

of the three sites. 

8)  Embedding Supportive Parenting Resources into Maternity and Early Years 

Care Pathways: A Mixed Methods Evaluation. Crossland N, Thomson G, 

Moran VH (2019). Ethical approval was given by The East Midlands-

Nottingham 2 NRES Committee (26th May 2015), and by the Science, 

Technology, Engineering, Medicine and Health (STEMH) ethics sub-committee 

at the University of Central Lancashire (project no. 358; 15th June 2015). 

Additionally, governance approval was granted by all relevant NHS 

organisations at each of the three study sites. 
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9)  Self Care Project for Parents using Just One Norfolk website and the Baby 

Buddy app (Final report) (2020). The University of Essex Health and Care 

Research Service (HCRS).  
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Appendix D2: Using the Behavior Change Wheel (BCW) to analyse breastfeeding video content in the Baby 
Buddy app  

 
COM-B COM-B 

Component 
Relevant 
Theoretical 
Domains 
Framework 
(TDF) 

Description of what needs 
addressing in the 
intervention based on the 
data collected 

Intervention 
functions 

Behaviour change techniques 
(BCTs) identified 

Number of 
videos 
containing the 
BCTs 

Capability Physical 
capability 

Physical skills 1. Having the physiological 
ability to lactate  

Education 4.1 Instruction on how to perform 
the behaviour  

19 

  
  

2. Having the physical 
capability and skills to 
breastfeed and express milk  

Training 6.1 Demonstration of the 
behaviour  

19 

  
   

Modelling 7.1 Prompts/cues  16 

  
    

8.1 Behavioural 
practice/rehearsal  

18 

  
    

9.1 Credible source  19 

  Psychological 
capacity 

Knowledge 1. Knowledge about the 
benefits of breastfeeding 

Education 1.2 Problem solving  13 

  
 

Cognitive and 
interpersonal 
skills 

2. Knowledge of how to 
attach and position the baby 
for breastfeeding 

Training  2.3 Self-monitoring of behaviour  14 
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Memory, 
attention and 
decision 
processes 

3. Ability to problem solve 
and make decisions related 
to breastfeeding 

Modelling 4.1 Instruction on how to perform 
the behaviour  

17 

  
 

Behavioural 
regulation 

4. Belief in ability to produce 
required amount of breast 
milk and to breastfeed 
successfully 

Persuasion 5.1 Information about health 
consequences  

18 

  
  

5. Increase confidence in 
ability to breastfeed 

Enablement 5.3 Information about social and 
environmental consequences  

13 

  
  

6. Beliefs about the 
consequences of not 
breastfeeding, e.g., regret, 
feeling a failure as a mother 

 
6.1 Demonstration of the 
behaviour  

16 

  
  

7. Conscious decision to 
breastfeed successfully 

 
7.1 Prompts/cues  14 

  
  

8. Increase ability to deal 
with emotions related to 
breastfeeding, e.g., anxiety 
about capacity 

 
8.1 Behavioural 
practice/rehearsal  

16 

  
    

9.1 Credible source  17 

Opportunity Physical 
opportunity 

Environmental 
context and 
resources 

1. Perception that 
breastfeeding is difficult due 
to the unpredictable nature 
of demand feeding 

Education 4.1 Instruction on how to perform 
the behaviour  

17 

  
  

2. Having unlimited access 
to the well infant or demand 
feeding 

Enablement 7.1 Prompts/cues  12 

  
   

Environmental 
restructuring 

12.1 Restructuring the physical 
environment  

9 

  
    

12.2 Restructuring the social 
environment  

5 
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12.3 Avoidance/reducing 
exposure to cues for the 
behaviour  

4 

  Social 
opportunity 

Social 
influences 

1. Perception that 
breastfeeding is difficult 

Education  2.3 Self-monitoring of behaviour  14 

  
  

2. Encouragement from 
health care professionals 

Persuasion 5.1 Information about health 
consequences  

11 

  
  

3. Support of friends, family, 
and community 

Modelling 5.3 Information about social and 
environmental consequences  

14 

  
  

4. Holds the belief that 
exclusive breastfeeding is 
socially acceptable and 
culturally normal 

Environmental 
restructuring 

6.3 Information about other's 
approval 

9 

  
    

7.1 Prompts/cues  2 

  
    

9.1 Credible source  7 

  
    

12.2 Restructuring the social 
environment 

6 

Motivation Reflective 
motivation 

Professional/ 
social role and 
identity 

1.Don't like the idea of 
needing or seeking 
help/belief that women 
should be able to 
breastfeed 'naturally' 

Education  5.5 Anticipated regret 6 

  
 

Beliefs and 
capabilities 

2.Needing help with 
breastfeeding means there 
is a problem 

Persuasion 5.6 Information about emotional 
consequences 

16 

  
 

Optimism 3.Disappointment with self if 
unable to breastfeed 

Modelling 11.2 Reduce negative emotions 9 

  
 

Beliefs about 
consequences 

4.Believing that 
breastfeeding is the best 
method of feeding  

 
13.2 Framing/re-framing 14 
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Intentions 5. Want to breastfeed this 
time as bottle fed last time 

 
13.5 Identity associated with 
changed behaviour 

13 

  
 

Goals 
  

15.3 Focus on past success 2 

  Automatic 
motivation 

Reinforcement 1.Emotionally driven to 
breastfeed because of the 
benefits associated such as 
bonding and attachment 

Education 4.2 Information about 
antecedents 

10 

  
 

Emotion 2. Fear of failing to 
breastfeed successfully 

Incentivization 5.1 Information about health 
consequences 

15 

  
   

Modelling 5.2 Salience of consequences 18 

  
   

Persuasion 5.3 Information about social and 
environmental consequences 

17 

  
    

5.6 Information about emotional 
consequences 

16 

  
    

6.3 Information about other's 
approval 

11 

  
    

8.1 Behavioural 
practice/rehearsal 

17 

  
    

8.3 Habit formation 16 

  
    

9.2 Pros and cons 16 

  
    

11.2 Reduce negative emotions 15 

          13.2 Framing/reframing 19 
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Appendix D3: Complete analysis of all breastfeeding items reports supplied by Best Beginnings 

  Capability Opportunity Motivation 

 Video title Physical Psychological Social Physical Reflective Automatic 

Breastfeeding as a young 
mum 

      

A practical choice       
Feelings about 
breastfeeding 

      

What’s so good about 
breastfeeding? 

 
     

What if I bottle-fed before?       
Asking for help to get 
started 

    
 

  

What will my partner think? 
  

 
 

   
Your first milk - colostrum   

  
  

Your baby’s first feed     
 

 
Skin to skin     

 
 

Good positioning tips from 
a midwife 

 
 

 
  

 

Getting the position right  
  

 
 

 
Good positioning 
demonstration 

  
 

    

Keeping your baby close       
How dads can help - Lenny 

  
  

 
  

Breastfeeding out and 
about 

 
  

 
  

When and how often 
should I feed my baby? 
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How dads can help - Andy 
  

     
Where can I find support?        
Overcoming mastitis       
Support from health 
professionals 

      

Some common challenges   
 

    
Good and bad attachment 
graphic 

 
  

 
 

  

Breastfeeding to a year and 
beyond 

      

Why breastfeed for at least 
six months? 

      

Breastfeeding and weening       
Why express?       
How to hand express   

 
   

How to use a breast pump  
  

    
Expressing when you’re 
back at work 

  
 

    

Storing and using 
expressed breast milk 

   
    

Early challenges with 
expressing milk 

  
 

    

Your breast milk       
How skin-to-skin contact 
can help you express 

      

Using a breast pump  
 

     
Expressing with a breast 
pump and storing your milk 

      

Colostrum – your baby’s 
first food 

  
 

 
 

 

Signs your baby is ready to 
feed independently 
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Breastfeeding twins or 
triplets 

 
  

    

Text responses to 'What 
does that mean?' 

            

Blocked ducts  
  

 
 

  
Colostrum  

    
  

Expressing milk  
  

 
 

  
Mastitis  

  
 

 
  

Rooting reflex  
  

  
 

  
Reflex  

  
  

 
  

Skin-to-skin     
 

  
Sterilising  

  
 

 
  

Text responses to 
questions to 'Ask me' 

            

What is expressing milk?  
  

 
 

  
How do I express milk?  

  
 

 
  

Can I carry on 
breastfeeding after 
returning to work, college, 
or school? 

 
  

 
 

  

Why do people say, 'breast 
is best'? 

   
 

   

What do I need to know 
about breastfeeding? 

   
 

 
  

How do I breastfeed when 
I'm out and about? 

        

Why is breastfeeding so 
good for babies and 
mums? 

       

I'm breastfeeding. Do I 
need to wake my newborn 
to feed? 
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What is latching on?  
  

 
 

 
Why are my breasts 
growing and sore? 

 
  

 
 

  

How can I mix 
breastfeeding and bottle 
feeding? 

    
 

  

How do I know if my baby 
is hungry? 

   
 

 
 

How often should I feed my 
baby? 

 
 

  
 

  

What is colostrum?  
    

  
What is milk 'coming in'?  

  
 

 
  

What is skin-to-skin?     
 

 
What are blocked ducts 
and mastitis? 

 
  

 
 

  

What are the different kinds 
of breast pumps? 

 
  

 
 

  

What is baby-led 
attachment? 

 
  

 
 

 

How do I know my baby is 
getting enough milk? 
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Appendix D4: APEASE (affordability, practicability, effectiveness, affordability, safety, and equity) criteria  

Criterion Judgement of the 
effectiveness compared to 
existing resource 

Evidence and analysis 

Acceptability Baby Buddy is an 
acceptable intervention and 
extension of the existing 
breastfeeding website and 
magazine resources to 
users, implementers and 
funders.  

Extensive consultation with stakeholders, implementers, funders, and users was 
undertaken.  
Implementers and funders 

• In 2007 a collaboration between Best Beginning, the Department of Health, and 
UNICEF resulted in the ‘Bump to Breastfeeding’ web resources and the express 
magazine. 

•  Over 2 million copies of the DVD were distributed. 
Users – mums, dads, support people and midwives 

• 2012 end user research was conducted to assess potential users’ response to the 
concept of the app and to gauge their reactions to initial ideas for the 
content/functions, visual style, and tone.  

• Focus groups and semi-structured interview were conducted to explore the socio-
ecological constructs that drive societal, family, and individual breastfeeding 
behaviours. Participants included young parents/pregnant couples and student 
midwives. 
 

The main findings were: 
• that Baby Buddy was easier to use and more accessible than books 
• Baby Buddy is a ‘one stop shop’ with everything related to pregnancy in one place 
• The app is fun to use and engaging 
• The regular and relevant, ‘bitesize’ pieces of information were appealing  
• Baby Buddy is easy to access 24/7 when midwives/support may not be available 
• Baby Buddy provided up-to-date information from reliable sources  
•The app acts as a reminder for appointments 
In 2014, research was conducted to test the app prototype and gauge response to design, 
look, feel, and fuctionality. Focus groups and paired depth interviews with parents and 
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pregnant women (aged 19-24) suggest that partipants like the app design, sense of fun 
and youthfulness, yet feel that it maintains a professional, credible, and informative 
approach.  
 
Researchers concluded that participants felt that the app was intuitive/easy to use and had 
a range of functions that were highly appealing, practical, and more fun than other apps.  

Practicability Baby Buddy can be 
implemented at scale 
effectively to reach the 
target audience. The geo-
location functionality makes 
the intervention more 
practical and can be 
updated quickly, adding to 
reach. 

Data was examined to determine the extent of use by the target population and the reach 
of smartphones in city and regional areas of the UK. A case study evalution of the pilot app 
was undertaken and reviewed. National in-app data & in-app data from Guys and St 
Thomas and Blackpool was collected between 19 November 2014 to 19 May 2015 and 
reported [218]. Baby Buddy was successful in reaching its target demographic. A total of 
80% of users registered as "mums" and a high number of registrations came from younger 
users [219]. 
 
Geo-location functionality also provides web address, location, phone numbers, email 
addresses, opening times for hospitals, GP surgeries, drop in centres, and groups and play 
centres. These provide further support and information related to breastfeeding. Users can 
also recommend services that they use in their local area and customise. 

Effectiveness Academic evaluations 
support that embedding 
Baby Buddy into maternity 
and early years care is 
feasible, attractive, and can 
be beneficial for maternal 
and infant health [220]. 

In 2014, two pieces of research looked at the effectiveness of Baby Buddy The aims of the 
research were:  
• To understand where young mums and mums-to-be get their pregnancy/new baby 
information currently, and ascertain whether they have all their information/advice needs 
met.  
• To explore experiences of using the Baby Buddy app amongst the target audience of 
younger mums and mums-to-be, specifically: appearance, navigation, functionality, 
content, unlocking content/rewards. 
•To get feedback on the preferred directional style for films within the app. 
•To assess effectiveness of the reactions to the Baby Buddy leaflet. 
 
Focus groups were conducted, five key insights emerged from the research: 
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1) Although there is a lot of information and advice about pregnancy available, most young 
mums and mums-to-be felt that the Baby Buddy app was unique, new, and exciting. Three 
core strengths of the app were identified: 
• A definitive and trustworthy source of advice 
• Personal and tailored to you 
• Engaging and entertaining as well as informative 
2) The avatar is central to the appeal of the app and differentiates it from other apps on the 
market. The degree to which young mums and mums-to-be engage with the avatar varies. 
3) Of the other features, ‘Today’s information’ and ‘Videos’ are most popular, followed by 
‘Ask me’ and ‘What does that mean’. 
4) ‘You can do it’ is the least attractive feature. Although most young mums and mums-to-
be acknowledge the importance of a healthier lifestyle, many are resistant to being told 
what to do. 
5) Young mums and mums-to-be like the idea of being incentivised/rewarded for giving 
their feedback. Whilst accessories for the avatar work for those who engage fully with the 
avatar concept, only real world rewards are motivating to others. 
 
The extent of effectiveness of the app as a behaviour change intervention for 
breastfeeding was measured in an independent research report by the University of 
Central Lancashire (2017). The aim of the project was to explore the impact of the 
embedding and usage of the resources on breastfeeding rates, women’s decisions, 
attitudes, and self-efficacy in relation to breastfeeding. There was a focus on women’s 
confidence in parenting and mother–infant relationships, as well as trying to understand 
how the embedding process had worked including barriers and facilitators [220]. Results 
showed that for some women the resources had increased their knowledge of infant 
feeding and reinforced their decision to breastfeed [220].  
 
An independent report by Crossland et al. (2017) was commissioned [18]. The Baby Buddy 
app was rated highly by women and professionals. In the women’s survey, 81/117 (69%) 
respondents rated the quality of the Baby Buddy app as ‘excellent’, ‘very good’ or ‘good’, 
and in the professionals’ survey, 128/146 (88%) of professionals rated the Baby Buddy app 
as either excellent, very good, or good. 
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Affordability Findings suggest that 
because the app is free and 
downloads are able to be 
saved to the device, most 
women would not see 
affordability as a barrier. 

This complete resource is free to download and there is no option for in-app purchases. 
Downloading is dependent on particular smartphone or tablet technology, namely Android 
4.0 or iOS 7.0 or above. It also requires 32 MB of storage [219].  
 
Best Beginnings is a charity and depends on grants, donations, and industry support for it 
to be financially viable. Endorsement and key partnerships with the NHS, Universities, and 
the royal family have led to funding opportunities and are key to the sustainability of Baby 
Buddy. Best Beginings is able to operate without the commericalisation that is seen in 
other popular apps. 
 
Best Beginnings has circumvented social and contextual barriers, as smartphone 
ownership and internet access are variable and unequal, by ensuring that Baby Buddy is 
free and included films are available to download in wifi zones. The films can be saved to 
watch offline later [219]. 
 

Safety Baby Buddy, if used as a 
complementary source of 
support and information in 
conjuction with face-to-face 
consultation, is safe for the 
target audience. We 
concluded that the app is 
evidence-based and follows 
best practice with respect to  
health literacy and cultural 
safety. 

Baby Buddy is unlikely to have unwanted effects as the content is evidence based and 
guided by best practice at a health literacy level of age 11.  
 
This is supported by Powells et al. (2016), who found that women felt that the app  
provided a source of credible information and support when the women encountered 
competing or conflicting advice. Midwives felt that Baby Buddy providing a ‘backup’ when 
they were not around and was complementary to their knowledge and expertise, specialist 
information, advice, and support for expectant and new mothers [219].  

Equity Findings from Cooper 
(2015), Powell et al. (2016), 
and Crossland et al. (2017) 

This intervention primarily aims to be available to all socio-economic groups and seeks to 
address health inequalities. The design of Baby Buddy is based on a theory of 
‘proportionate universality’ for health interventions [221]. Although Baby Buddy is intended 
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showed that Baby Buddy is 
broadely accessibility with 
the content written in such a 
way that it can be 
understood by anyone with a 
reading age of 11 or above 
and also has a ‘read aloud’ 
option. Powell et al. (2016) 
found that Baby Buddy also 
applied to ethnicity as a 
sociodemographic variable 
as text can also be 
translated. 

to benefit a wide range of app users, its design has been styled to be particularly attractive 
to expectant mothers who are under 25 years of age. Data shows that Baby Buddy is 
reaching women of all ages and is more successful at attracting younger mums [219].  
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