
 

 

PHYSICAL ACTIVITY DURING PREGNANCY AMONG WOMEN WHO 

ARE OVERWEIGHT OR OBESE 

 

 

 

Zhixian Sui 

B.HN, MHlSc 

 

 

Discipline of Obstetrics and Gynaecology 

School of Paediatrics and Reproductive Health 

Faculty of Health Sciences 

The University of Adelaide 

 

 

A thesis submitted to The University of Adelaide 

for the degree of Doctor of Philosophy 

April 2013 

  



 

2 

 

TABLE OF CONTENTS 

 

LIST OF TABLES.............................................................................................................................. 6 

LIST OF FIGURES ............................................................................................................................ 7 

LIST OF ABBREVIATIONS .............................................................................................................. 8 

ABSTRACT ....................................................................................................................................... 9 

DECLARATION .............................................................................................................................. 12 

ACKNOWLEDGEMENTS ............................................................................................................... 13 

AUTHOR’S CONTRIBUTION .......................................................................................................... 14 

CHAPTER 1. LITERATURE REVIEW ............................................................................................. 15 

1.1 INTRODUCTION ................................................................................................................... 15 

1.2 OVERWEIGHT AND OBESITY .............................................................................................. 15 

1.2.1 Prevalence of overweight and obesity ............................................................................. 16 

1.2.2 Health implications of overweight and obesity ................................................................. 16 

1.3 OBESITY AND WOMEN’S HEALTH ...................................................................................... 17 

1.4 OBESITY DURING PREGNANCY AND CHILDBIRTH .......................................................... 17 

1.5 OBESITY AND GESTATIONAL WEIGHT GAIN .................................................................... 19 

1.6 EXERCISE AND PREGNANCY ............................................................................................. 23 

1.6.1 Exercise and maternal and neonatal health outcomes .................................................... 23 

1.6.2 Women’s exercise pattern during pregnancy ................................................................... 29 

1.7 CURRENT PHYSICAL ACTIVITY GUIDELINES .................................................................... 33 

1.8 WOMEN’S PERCEPTIONS OF ACTIVE LIFESTYLE DURING PREGNANCY ...................... 34 

1.7 CURRENT GAPS IN OUR KNOWLEDGE ............................................................................. 37 

1.8 AIMS OF THESIS .................................................................................................................. 38 

CHAPTER 2. METHODS FOR THE LIMIT RANDOMISED TRIAL .................................................. 39 

CHAPTER 3. PHYSICAL ACTIVITY DURING PREGNANCY AND GESTATIONAL WEIGHT GAIN 

AMONG WOMEN WHO ARE OVERWEIGHT OR OBESE ............................................................. 40 

3.1 ABSTRACT............................................................................................................................ 40 

3.2 INTRODUCTION ................................................................................................................... 42 



 

3 

 

3.3 METHODS ............................................................................................................................. 43 

3.3.1 Study population ............................................................................................................. 43 

3.3.2 Clinical measurements .................................................................................................... 44 

3.3.3 Physical activity questionnaire ........................................................................................ 44 

3.3.4 Data analysis .................................................................................................................. 45 

3.3.5 Statistical analyses ......................................................................................................... 45 

3.4 RESULTS .............................................................................................................................. 46 

3.4.1 Participant characteristics ............................................................................................... 46 

3.4.2 Physical activity across pregnancy and post-partum ....................................................... 48 

3.4.3 Physical activity across pregnancy and post-partum according to different BMI or GWG 

categories ................................................................................................................................ 51 

3.4.4 Determinants of the change of physical activity ............................................................... 54 

3.5 DISCUSSION ........................................................................................................................ 54 

CHAPTER 4. ANTENATAL EXERCISE TO IMPROVE OUTCOMES IN WOMEN WHO ARE 

OVERWEIGHT OR OBESE: A SYSTEMATIC REVIEW ................................................................. 59 

4.1 ABSTRACT............................................................................................................................ 59 

4.2 INTRODUCTION ................................................................................................................... 61 

4.3 METHODS ............................................................................................................................. 62 

4.3.1 Study inclusion and exclusion criteria .............................................................................. 62 

4.3.2 Types of participants ....................................................................................................... 62 

4.3.3 Outcomes of the review .................................................................................................. 62 

4.3.4 Search methods .............................................................................................................. 63 

4.3.5 Data collection and analysis ............................................................................................ 63 

4.4 RESULTS .............................................................................................................................. 64 

4.4.1 Description of the included studies .................................................................................. 65 

4.4.2 Methodological quality ..................................................................................................... 66 

4.4.3 Excluded studies ............................................................................................................. 70 

4.4.4 Antenatal lifestyle (exercise) intervention for women who are overweight or obese ......... 71 

4.4.5 Effect of the intervention ................................................................................................. 71 

4.5 DISCUSSION ........................................................................................................................ 73 



 

4 

 

CHAPTER 5. WALKING TO LIMIT WEIGHT GAIN AND KEEP FIT DURING PREGNANCY: THE 

WALK RANDOMISED TRIAL ......................................................................................................... 76 

5.1 ABSTRACT............................................................................................................................ 76 

5.2 INTRODUCTION ................................................................................................................... 78 

5.3 METHODS ............................................................................................................................. 79 

5.3.1 The WALK randomised trial ............................................................................................ 79 

5.3.2 Randomisation and allocation concealment .................................................................... 79 

5.3.3 Information group ............................................................................................................ 80 

5.3.4 Walking group ................................................................................................................. 80 

5.3.5 Baseline variables ........................................................................................................... 81 

5.3.6 Study outcomes .............................................................................................................. 81 

5.3.7 Sample size calculation ................................................................................................... 82 

5.3.8 Statistical analysis ........................................................................................................... 82 

5.4 RESULTS .............................................................................................................................. 83 

5.4.1 Gestational weight gain ................................................................................................... 86 

5.4.2 Maternal and neonatal health outcomes .......................................................................... 86 

5.4.3 Physical fitness and activity ............................................................................................. 89 

5.5 DISCUSSION ........................................................................................................................ 91 

CHAPTER 6. ANTENATAL EXERCISE TO IMPROVE OUTCOMES IN WOMEN WHO ARE 

OVERWEIGHT OR OBESE: AN UPDATED META-ANALYSIS ..................................................... 94 

6.1 ABSTRACT............................................................................................................................ 94 

6.2 INTRODUCTION ................................................................................................................... 96 

6.3 METHODS ............................................................................................................................. 96 

6.4 RESULTS .............................................................................................................................. 96 

6.5 DISCUSSION ...................................................................................................................... 100 

CHAPTER 7. PERCEPTION OF MAKING HEALTHY CHANGE DURING PREGNANCY IN 

WOMEN WHO ARE OVERWEIGHT OR OBESE: A MIXED-METHODS STUDY ......................... 101 

7.1 ABSTRACT.......................................................................................................................... 101 

7.2 INTRODUCTION ................................................................................................................. 103 

7.3 METHODS ........................................................................................................................... 104 

7.3.1 Theoretical Framework ................................................................................................. 104 



 

5 

 

7.3.2 Participants ................................................................................................................... 105 

7.3.3 Quantitative component ................................................................................................ 106 

7.3.4 Qualitative component .................................................................................................. 106 

7.3.5 Mixed-methods data interpretation ................................................................................ 108 

7.4 RESULTS ............................................................................................................................ 108 

7.4.1 Questionnaire findings .................................................................................................. 108 

7.4.2 Interview findings .......................................................................................................... 114 

7.4.3 Convergence assessment ............................................................................................. 118 

7.5 DISCUSSION ...................................................................................................................... 119 

CHAPTER 8. CONCLUSIONS ...................................................................................................... 122 

8.1 PATTERNS OF PHYSICAL ACTIVITY ................................................................................ 122 

8.2 WALK RANDOMISED TRIAL............................................................................................... 123 

8.3 SYSTEMATIC REVIEW AND META-ANALYSIS OF EVIDENCE ......................................... 124 

8.4 WOMEN’S PERCEPTION OF MAKING HEALTHY CHANGE IN PREGNANCY .................. 125 

8.5 OVERALL CONCLUSIONS ................................................................................................. 126 

REFERENCES .............................................................................................................................. 128 

APPENDIX I. SEARCH TERMS FOR META-ANALYSIS .............................................................. 137 

APPENDIX II. THE SQUASH QUESTIONNAIRE .......................................................................... 139 

APPENDIX III. THE PERCEPTION OF MAKING HEALTHY CHANGE QUESTIONNAIRE .......... 141 

 

 

  



 

6 

 

LIST OF TABLES 

 
TABLE 1. 1 RISKS ASSOCIATED WITH OVERWEIGHT AND OBESITY DURING PREGNANCY .................................. 18 

TABLE 1.2 RECOMMENDED GESTATIONAL WEIGHT GAIN – THE INSTITUTE OF MEDICINE GUIDELINES 1990 

AND 2009 ...................................................................................................................................................................... 19 

TABLE 1.3 COHORT STUDIES DESCRIBING THE ASSOCIATION BETWEEN GESTATIONAL WEIGHT GAIN AND 

ADVERSE MATERNAL AND NEONATAL HEALTH OUTCOMES ............................................................................ 21 

TABLE 1. 4 STUDIES DESCRIBING EXERCISE AND MATERNAL AND NEONATAL HEALTH OUTCOMES ............... 25 

TABLE 1.5 STUDIES DESCRIBING PHYSICAL ACTIVITY PATTERN DURING PREGNANCY ...................................... 31 

 

TABLE 3.1 DEMOGRAPHIC CHARACTERISTICS OF WOMEN COMPLETED THE SQUASH QUESTIONNAIRE ....... 47 

TABLE 3.2 PREVALENCE OF GESTATIONAL WEIGHT GAIN BELOW, WITHIN, OR ABOVE THE IOM GUIDELINES 48 

TABLE 3.3 PHYSICAL ACTIVITY (METS/WEEK) IN DIFFERENT STAGES OF PREGNANCY AND POST-PARTUM 

(MEAN ± SD) ................................................................................................................................................................ 50 

 

TABLE 4.1 CHARACTERISTICS OF INCLUDED STUDIES IN THE SYSTEMATIC REVIEW .......................................... 67 

TABLE 4.2 EXCLUDED STUDIES ......................................................................................................................................... 70 

TABLE 5.1 DEMOGRAPHIC CHARACTERISTICS OF WOMEN IN THE WALK RCT ....................................................... 85 

TABLE 5.2 OUTCOMES BY TREATMENT GROUP UTILISING INTENTION-TO-TREAT ANALYSIS ............................. 87 

TABLE 5.3 OUTCOMES BY TREATMENT GROUP UTILISING PER-PROTOCOL ANALYSIS ....................................... 88 

TABLE 5.4 PHYSICAL ACTIVITY IN METS........................................................................................................................... 90 

TABLE 6.1 CHARACTERISTICS OF THE CURRENT IDENTIFIED RANDOMISED TRIALS ............................................ 97 

 

TABLE 7.1 CONTENT OF THE QUESTIONNAIRE IN THE MIXED-METHODS STUDY ................................................. 105 

TABLE 7.2 DEMOGRAPHIC CHARACTERISTICS OF PARTICIPANTS IN THE MIXED-METHODS STUDY............... 110 

TABLE 7.3 QUESTIONNAIRE FINDINGS (N=464) IN THE MIXED-METHODS STUDY ................................................. 111 

TABLE 7.4 CONVERGENCE ASSESSMENT ..................................................................................................................... 119 

 

  



 

7 

 

LIST OF FIGURES 

 

FIGURE 3.1 MEAN PHYSICAL ACTIVITY IN METS/WEEK THROUGHOUT PREGNANCY AND POST-PARTUM FOR 

WOMEN OF DIFFERENT BMI CATEGORIES ........................................................................................................... 52 

FIGURE 3.2 MEAN PHYSICAL ACTIVITY IN METS/WEEK THROUGHOUT PREGNANCY AND POST-PARTUM FOR 

WOMEN OF DIFFERENT GESTATIONAL WEIGHT GAIN CATEGORIES.............................................................. 53 

 

FIGURE 4. 1 SYSTEMATIC REVIEW STUDY SELECTION PROCESS ............................................................................. 65 

FIGURE 4.2 ANALYSIS OF GESTATIONAL WEIGHT GAIN (KG): EXERCISE INTERVENTION VERSUS STANDARD 

CARE ............................................................................................................................................................................. 72 

FIGURE 5. 1 FLOW CHART OF PARTICIPANTS IN THE WALK RCT ............................................................................... 84 

 

FIGURE 6.1 ANALYSE OF GESTATIONAL WEIGHT GAIN: EXERCISE INTERVENTION VERSUS STANDARD CARE 

(THE UPDATED META-ANALYSIS) ........................................................................................................................... 99 

 

  



 

8 

 

LIST OF ABBREVIATIONS 

 
BMI:  body mass index 

CI:  confidence interval 

GDM:  gestational diabetes mellitus 

GWG:  gestational weight gain 

HBM: health belief model 

HC:  head circumference 

IOL:  induction of labour 

IOM:  Institute of Medicine 

LGA:  large for gestational age 

NICU:  neonatal intensive care unit 

OGTT: oral glucose tolerance test 

OR:  odds ratio 

RCT:  randomised controlled trial 

RR:  risk ratio 

SGA: small for gestational age 

WHO:  World Health Organisation 

 
  



 

9 

 

ABSTRACT 

 

 

 

Background 

Being overweight or obese during pregnancy and having excessive gestational weight gain increase 

the risk of many adverse maternal and neonatal health outcomes. Exercise is beneficial during 

pregnancy. However, physical activity pattern during pregnancy, the effect of exercise on maternal 

and neonatal health outcomes, and women’s perception of making healthy change remains unclear. 

 

Aims 

The aims of this thesis were, for women who are overweight or obese during pregnancy, to 

 Describe physical activity patterns during pregnancy; 

 Evaluate available evidence about antenatal exercise interventions; 

 Test the effects of an antenatal exercise intervention in a randomised controlled trial; and  

 Explore women’s perceptions of making healthy changes during pregnancy. 
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Methods 

To evaluate the above aims, the following methodology was employed: 

 A nested prospective cohort study to evaluate physical activity; 

 A systematic review and meta analysis using standard Cochrane methodology; 

 A randomised controlled trial of an antenatal walking intervention and incorporation of the 

findings into a meta-analyses of previous literature; and 

 A mixed-methods investigation of women’s perception of making healthy change during 

pregnancy. 

 

Results 

 In women who were overweight or obese, physical activity declined significantly between 

early pregnancy and 36 weeks’ gestation, before increasing after birth. Physical activity at 

four months post-partum remained lower than that in early pregnancy. Women with higher 

BMI had a greater decline in physical activity over pregnancy.  

 There was no significant effect of a simple supervised antenatal walking group on 

gestational weight gain and other clinical maternal and neonatal health outcomes, as 

confirmed by a meta-analysis of previous trials, despite better physical fitness and activity 

level represented by higher commuting and leisure activity in late pregnancy.  

 A large proportion of women do not consider excessive gestational weight gain to be a 

concern, with limited awareness of neonatal complications. Women’s barriers to making 

healthy behaviour changes were highly individualised with limited perception of benefits. 

Furthermore, women were not confident in their ability to make changes. 
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Conclusions 

While providing a walking group is associated with some increase in self reported physical activity, 

further studies should identify effective strategies to facilitate an increase in leisure activity during 

pregnancy, overcome perceived barriers, and educate women about both the neonatal health 

consequences of maternal obesity and health benefits associated with exercise.  
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