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Abstract 

Background 

Periconceptional folic acid supplementation has been recommended to prevent neural 

tube defects (NTDs) in infants. Gestational weight gain has been associated with 

pregnancy outcomes, including mode of delivery, foetal growth, gestational diabetes, 

hypertension, and pre-eclampsia. Mothers having substantial postpartum weight 

retention are also more likely to be overweight or obese. The current literature has 

shown a protective role of physical activity during pregnancy on postpartum low 

back pain. However, several gaps are needed to address. The magnitude of maternal 

health outcomes and health-related behaviours have been underestimated, including 

maternal weight changes, physical health, physical activity from pregnancy to 

postpartum period, and periconceptional folic acid supplementation. To the authors' 

knowledge, these studies are the first investigations on periconceptional folic acid 

supplementation, postpartum low back pain, and maternal weight changes in 

associations with physical activity during pregnancy and in the postpartum period in 

Vietnam.  

Aims and Objectives 

This doctoral thesis aimed to investigate maternal weight changes (pre-pregnancy 

BMI, gestational weight gain, and postpartum weight retention), physical health 

(postpartum low back pain), patterns of physical activity, and dietary supplement use 

among Vietnamese mothers within twelve months postpartum, with the following 

specific objectives: 

Objective 1: To assess the association of pre-pregnancy BMI and gestational weight 

gain with weight retention at twelve months postpartum in Vietnam. 

Objective 2: To evaluate the role of physical activity during pregnancy on gestational 

weight gain in Vietnam. 

Objective 3: To ascertain the role of postpartum physical activity on weight retention 

within twelve months postpartum in Vietnam.  
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Objective 4: To investigate the prevalence of postpartum low back pain and its 

relation to physical activity during pregnancy in Vietnam. 

Objective 5: To determine the prevalence of periconceptional folic acid 

supplementation in Vietnam and ascertain the maternal characteristics associated 

with folic acid use.  

Methods 

Data were retrieved from a larger project, which was a multicentre prospective 

cohort study in Vietnam between August 2015 and November 2017. In total, 2030 

singleton pregnant women aged 18 years and over were recruited in Hanoi (n=905), 

Hai Phong (n=298), and Ho Chi Minh City (n=827), Vietnam, at baseline interviews.  

After delivery, participants were further followed up before discharge and then at 

one, three, six, and twelve months postpartum. Interviewers collected information on 

maternal characteristics, anthropometric data, periconceptional folic acid 

supplementation, pregnancy and maternal health outcomes, energy intake during 

pregnancy, and prenatal and postpartum physical activity using validated 

questionnaires for Vietnamese adults. Descriptive statistics and univariate analyses 

were conducted initially. Subsequently, with the adjustment for plausible covariates 

(and or confounders), different multivariable regression models (linear, logistic, and 

general linear model with repeated measures) were performed to achieve the five 

study objectives. The covariates (and/or confounders) were selected based on their 

plausibility with reference to the literature and their availability of such information 

in the study. 

Results 

Results (Objective 1): Of 2030 pregnant women recruited at baseline interview, a 

total of 1666 women were followed up for 12 months postpartum and available for 

analysis. The mean maternal age was 27.5 (Standard Deviation [SD] 5.2) years at 

baseline interview. More than a quarter of study participants (n=433, 25.99%) 

retained 5 kg or more at 12 months postpartum. Both pre-pregnancy BMI and 

gestational weight gain were significantly associated with postpartum weight 

retention (all p values <0.001). On average, women with pre-pregnancy underweight 
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retained 3.71 (95% confidence interval (CI) 3.37, 4.05) kg, which was higher than 

those with normal pre-pregnancy weight (adjusted mean=2.34, [95% CI 2.13, 2.54] 

kg). Women who gained excessive gestational weight (compared to the 2009 

Institute of Medicine [IOM] recommendations) also retained significantly more 

weight at twelve months postpartum (adjusted mean=5.07, [95% CI 4.63, 5.50] kg), 

compared to women who gained gestational weight adequately (adjusted mean=2.92, 

[95% CI 2.67, 3.17] kg). 

Results (Objective 2): Of 1873 women available for analysis in this study, the mean 

maternal age was 27. 6 (SD 5.3) years and 16.7% (n=312) women had excessive 

gestational weight gain (compared to the 2009 IOM recommendations). More sitting 

time during pregnancy was statistically significantly associated with higher 

gestational weight gain (0.62 kg comparing the highest tertile to the lowest tertile 

[95% CI 0.12, 1.12] kg, p=0.016). Higher levels of total physical activity, moderate-

to-vigorous-intensity, household or caregiving, or occupational physical activity 

during pregnancy were statistically significantly associated with lower gestational 

weight gain (p<0.05 for highest versus lowest level).  

Results (Objective 3): There were 1617 women included, with mean age 27.5 (SD 

5.2) years, in this study. The prevalence of overweight/obesity at 12-month 

postpartum was 21.7% (n=351). Both multiple linear regression and general linear 

model (GLM) with repeated measures analyses indicated that total physical activity 

and light-intensity physical activity were inversely associated with postpartum 

weight retention (p for linear trend <0.01). Total physical activity in the early 

postpartum period was inversely associated with weight retention within twelve 

months postpartum (estimated coefficient = -0.58 kg comparing the high level to the 

low level [95% CI -0.97, -0.19]). Mothers with a high level of light-intensity physical 

activity retained a significantly lower weight within twelve months postpartum, 

compared to those with a low level of light-intensity physical activity (estimated 

coefficient = -0.57 kg comparing the high level to the low level [95% CI -0.96, -

0.18]). 

Results (Objective 4): Of the 1807 women available for the final analysis of this 

study, the prevalence of postpartum low back pain was 12.3% (n=222). Study 
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participants were on average 27.5 (SD 5.2) years old. Increasing prenatal total 

physical activity was statistically significantly associated with lower odds of low 

back pain reported during the six months postpartum period (adjusted odds 

ratio=0.55 comparing the highest tertile to the lowest tertile [95% CI 0.38, 0.80]). 

Statistically significant inverse associations with postpartum low back pain were also 

observed for light-intensity, moderate-to-vigorous-intensity, household, or 

caregiving, occupational, and transportation physical activities (all p values for linear 

trend <0.05). 

Results (Objective 5): Of 2030 singleton pregnant women available for the final 

analysis of this study, 32.2% reported correctly taking either supplements containing 

folic acid alone or multivitamins containing folic acid. 24.9% of women reported 

correctly taking supplements containing folic acid alone. The mean age of 

participants was 27.6 (SD 5.3) years. Maternal age, education, employment, parity, 

and planned pregnancy were found to be statistically significantly associated with 

periconceptional folic acid supplementation (all p values <0.001). Women aged 30 

years or over, who had low educational levels, had formal employment, and whose 

current pregnancy was first or unplanned were less likely to report a correct 

periconceptional folic acid supplementation, following the WHO recommendations.  

Conclusions 

Our whole cohort exhibited a low prevalence of periconceptional folic acid 

supplementation in Vietnam and maternal characteristics associated with this low 

supplementation. We also found that both pre-pregnancy BMI, postpartum physical 

activity, and gestational weight gain had significant impacts on postpartum weight 

retention among Vietnamese women. Furthermore, the research supports the 

protective role of prenatal physical activity on gestational weight gain and 

postpartum low back pain. Relevant health programs and guidelines for public health 

professionals working for Vietnamese mother-infant dyad should take these findings 

into consideration. In particular, more health promotion campaigns, which provide 

information on folic acid supplementation, weight control before and during 

pregnancy, prenatal and postnatal physical activity, and postpartum weight retention, 

can be developed to target reproductive women for their pregnancy planning.   



vi 

Acknowledgements 

First and foremost, I am deeply indebted to A/Professor Yun Zhao, Professor Andy 

H. Lee, Professor Colin W. Binns, and Dr. Ngoc Minh Pham for your unwavering 

support, guidance, and patience (especially during those times when I needed it 

most). A/Professor Yun Zhao has kept me on track and encouraged me to express my 

opinions. She has shared with me her knowledge in academic writing, paper 

publication, data storage and management, critical thinking, and statistics. Professor 

Andy H. Lee has provided me unparalleled support on academic writing, project 

administration, and paper publication. I was also fortunate to have had valuable 

advice, incredible support, and constructive criticism from Professor Colin W. Binns. 

He generously shared his time, wisdom, and commitment to his work on public 

health in the Asia Pacific region, particularly maternal and infant health. He has had 

more influence on my career and music than he will ever know. Many thanks to Dr. 

Ngoc Minh Pham for your thoughtful feedback on writing structure, methods, and 

invaluable advice on publication. 

I am humbled and grateful to Dr. Cong Luat Nguyen, Ms. Phung Thi Hoang Nguyen, 

and Mr. Tan Khac Chu. They have collaborated with me on data collection and 

management and have given me comments during paper publications. Many thanks to 

A/Professor Hong Kim Tang for her valuable comments and supervision during my 

data collection. Besides, I would like to recognise the study respondents and the staff 

in participating hospitals and universities over my time in Vietnam.  

Last, but never least, I would like to thank my parents, in-laws, NhatAnh, Penny, 

QuocUy, and QuocAnh for all your love and support.  



vii 

 

List of Publications 

I have obtained permission from the copyright owners to use any of my own 

published work (i.e., journal articles) in which the copyright is held by another party 

(e.g., publisher, co-author). 

Paper I 

Ha, A. V. V., Zhao, Y., Pham, N. M., Nguyen, C. L., Nguyen, P. T. H., Chu, T. 

K., . . . Lee, A. H. (2019). Postpartum weight retention in relation to gestational 

weight gain and pre-pregnancy body mass index: A prospective cohort study in 

Vietnam. Obesity Research & Clinical Practice, 13(2), 143-149.  

http://dx.doi.org/https://doi.org/10.1016/j.orcp.2019.02.001  

Paper II 

Ha, A. V. V., Zhao, Y., Pham, N. M., Nguyen, C. L., Nguyen, P. T. H., Chu, T. 

K., . . . Lee, A. H. (2019). Physical activity and sedentary behaviour during 

pregnancy are associated with gestational weight gain in Vietnamese women. Asia 

Pacific Journal of Clinical Nutrition, 29(1) 

http://dx.doi.org/10.6133/apjcn.201912/PP.0003 

Paper III 

Ha, A. V. V., Zhao, Y., Binns, C. W., Pham, N. M., Nguyen, P. T. H., Nguyen, C. 

L., . . . Lee, A. H. (2020). Postpartum Physical Activity and Weight Retention within 

One Year: A Prospective Cohort Study in Vietnam. International Journal of 

Environmental Research and Public Health, 17(3), 1105. Retrieved from 

https://www.mdpi.com/1660-4601/17/3/1105 

Paper IV 

Ha, V. V. A., Zhao, Y., Pham, M. N., Binns, C. W., Nguyen, C. L., Nguyen, P. T. 

H., … Lee, A. H. (2019). Physical Activity during Pregnancy and Postpartum Low 

Back Pain: A Prospective Cohort Study in Vietnam. Asia Pacific Journal of Public 

Health, 31(8), 701–709. https://doi.org/10.1177/1010539519890148  

http://dx.doi.org/https:/doi.org/10.1016/j.orcp.2019.02.001
http://dx.doi.org/10.6133/apjcn.201912/PP.0003
https://www.mdpi.com/1660-4601/17/3/1105
https://doi.org/10.1177/1010539519890148


viii 

 

Paper V 

Ha, V. V. A., Zhao, Y., Binns, W. C., Pham, M. N., Nguyen, L. C., Nguyen, T. 

P., . . . Lee, H. A. (2019). Low Prevalence of Folic Acid Supplementation during 

Pregnancy: A Multicenter Study in Vietnam. Nutrients, 11(10). 

http://dx.doi.org/10.3390/nu11102347  

http://dx.doi.org/10.3390/nu11102347


ix 

 

Statement of the Contribution of Others 

The School of Public Health at Curtin University provided the research environment 

that supported the Ph.D. candidate to undertake this research. The Ph.D. candidate 

was responsible for designing the methodology, undertaking recruitment, 

implementing data collection and analysis, and writing all the publications presented 

in this thesis, with inputs from co-authors. Details are summarised as follows: 

Associate Professor Yun Zhao contributed as the principal supervisor and provided 

ongoing close support and involvement with the study. She was involved in study 

design, revising manuscripts, and giving comments to improve all five publications.  

Professor Andy H. Lee was an associate supervisor who was involved in study 

design, revising manuscripts, and giving comments to improve all five publications. 

John Curtin Distinguished Professor Colin W. Binns contributed as an associate 

supervisor. He was also involved in study design, revising manuscripts, and giving 

comments to improve all five publications. 

Dr. Ngoc Minh Pham contributed as an associate supervisor. He was also involved 

in study design, revising manuscripts, and giving comments to improve all five 

publications. 

Statements of the contributions of others for publications are provided in Appendix 

B. 

  



x 

 

Table of Contents 

Declaration .................................................................................................................... i 

Abstract ........................................................................................................................ ii 

Acknowledgements ..................................................................................................... vi 

List of Publications .................................................................................................... vii 

Statement of the Contribution of Others ..................................................................... ix 

Table of Contents ......................................................................................................... x 

List of Figures ........................................................................................................... xiv 

List of Tables ............................................................................................................. xv 

List of Abbreviations ................................................................................................ xvi 

Chapter 1. Introduction and Thesis Overview ............................................................. 1 

1.1 Overview .......................................................................................................... 1 

1.2 Study Settings .................................................................................................. 3 

1.3 Aims and Objectives ........................................................................................ 5 

1.4 Study approach ................................................................................................. 5 

1.5 Significance of this Study and this Thesis ....................................................... 6 

1.6 Outline of the Thesis ........................................................................................ 7 

Chapter 2. Literature review ........................................................................................ 8 

2.1 Overview ........................................................................................................... 8 

2.2 Gestational Weight Gain ................................................................................... 8 

2.2.1  Definitions and Measurement in Public Health Research ................... 8 

2.2.2  Historical Background of the Use of Gestational Weight Gain in 

Research Studies and Clinical Guidelines. ......................................................... 9 

2.2.3  Gestational Weight Gain in Asia ....................................................... 10 

2.2.4  Effects of Gestational Weight Gain on Maternal and Infant Health 

Outcomes .......................................................................................................... 11 



xi 

 

2.2.5  Factors Associated with Gestational Weight Gain ............................ 15 

2.3 Postpartum Weight Retention ......................................................................... 17 

2.3.1  Definition and Measurement in Public Health Research ................... 18 

2.3.2 Postpartum Weight Retention in Asia ................................................ 18 

2.3.3  Effects of High Postpartum Weight Retention on Women's Health .. 19 

2.3.4  Association between Pre-Pregnancy BMI and Postpartum Weight 

Retention .......................................................................................................... 20 

2.3.5  Association between Gestational Weight Gain and Postpartum Weight 

Retention .......................................................................................................... 21 

2.4 Physical Activity in Pregnancy and the Postpartum Period ............................ 22 

2.4.1  Physical Activity and Bodyweight ..................................................... 22 

2.4.2  Association between Physical Activity during Pregnancy and 

Gestational Weight Gain .................................................................................. 23 

2.4.3  Association between Physical Activity in the Postpartum Period and 

Postpartum Weight Retention. ......................................................................... 24 

2.5 Postpartum Low Back Pain ............................................................................. 26 

2.5.1  Definitions and Prevalence of Postpartum Low Back Pain ............... 26 

2.5.2  Associated Factors with Postpartum Low Back Pain ........................ 27 

2.6 Folic Acid Supplementation in the Periconceptional Period .......................... 29 

2.6.1  Folic Acid and Neural Tube Defects ................................................. 29 

2.6.2  Current Recommendations on Folic Acid Supplementation in the 

Periconceptional Period .................................................................................... 30 

2.6.3 Availability and Accessibility of Folic Acid Supplementation in Vietnam

 31 

2.6.4  Prevalence and Factors Associated with Periconceptional Folic Acid 

Supplementation ............................................................................................... 32 

2.7 Conclusion ....................................................................................................... 34 

Chapter 3: Methods .................................................................................................... 37 



xii 

 

3.1 Study Design ................................................................................................... 37 

3.2 Study Settings .................................................................................................. 37 

3.3 Selection Criteria ............................................................................................. 38 

3.3.1  Inclusion Criteria ............................................................................... 38 

3.3.2  Exclusion Criteria .............................................................................. 38 

3.4 Study Procedure .............................................................................................. 38 

3.4.1  Sample Size and Flow Chart of Participants ...................................... 38 

3.4.2  Participant Recruitment ..................................................................... 39 

3.5 Description of Study Variables ....................................................................... 42 

3.5.1 Anthropometric Assessment .............................................................. 42 

3.5.2 Pre-Pregnancy BMI Assessment ........................................................ 42 

3.5.3 Gestational Weight Gain Assessment ................................................ 42 

3.5.4  Postpartum Weight Retention Assessment ........................................ 43 

3.5.5  Postpartum Low Back Pain ................................................................ 43 

3.5.6  Periconceptional Folic Acid Supplementation ................................... 43 

3.5.7  Physical Activity Assessment ............................................................ 44 

3.5.8  Other Independent Variables' Assessment ......................................... 45 

3.5.9  Description of Variables and Instruments .......................................... 45 

3.6 Data Management ........................................................................................... 46 

3.7 Statistical Analysis .......................................................................................... 47 

3.8 Ethical Considerations .................................................................................... 50 

Chapter 4. Results ...................................................................................................... 51 

4.1 Results for Objective 1 .................................................................................... 51 

4.2 Results for Objective 2 .................................................................................... 59 

4.3 Results for Objective 3 .................................................................................... 68 

4.4 Results for Objective 4 .................................................................................... 80 

4.5 Results for Objective 5 .................................................................................... 90 



xiii 

 

Chapter 5. General Discussion and Limitations....................................................... 101 

5.1 Summary of Key Findings and Discussions ................................................. 101 

5.2 Study Limitations .......................................................................................... 104 

Chapter 6. Conclusion and Recommendations ........................................................ 106 

6.1 Conclusion ..................................................................................................... 106 

6.2 Recommendations ......................................................................................... 106 

6.2.1  Future Practice ................................................................................. 106 

6.2.2  Future Research ............................................................................... 107 

References ................................................................................................................ 109 

Appendix A. Ethical Approvals ............................................................................... 128 

Appendix B. Declaration of Authorship .................................................................. 130 

Appendix C. Permission from Publisher – Elsevier ................................................ 145 

Appendix D. Permission from Publisher – HEC Press ............................................ 146 

Appendix E. Permission from Publisher – MDPI .................................................... 147 

Appendix F. Permission from Publisher – SAGE ................................................... 148 

Appendix G. Questionnaires .................................................................................... 150 

G1. Baseline Questionnaire (English version) .................................................... 150 

G2. Discharge Questionnaire (English version) .................................................. 165 

G3. Three-Month Postpartum Questionnaire (English version) ......................... 166 

G4. Six-Month Postpartum Questionnaire (English version) ............................. 171 

G5. Twelve-Month Postpartum Questionnaire (English version) ....................... 172 

Appendix H. Information Sheet for Participants ..................................................... 173 

Appendix I. Informed Consent Forms ..................................................................... 174 

   



xiv 

 

List of Figures 

Figure 3- 1. Flow chart of participants‘ recruitment .................................................. 41 

 

 

  



xv 

 

List of Tables 

Table 2- 1. Institute of Medicine recommendations* on total gestational weight gain 

(GWG) by pre-pregnancy BMI .................................................................................... 9 

 
Table 3- 1. Description of the main variables and instruments used in this thesis. ... 45 

 
  



xvi 

 

List of Abbreviations 

BMI   Body Mass Index 

CI   Confidence Interval 

DNA   Deoxyribonucleic Acid 

GWG   Gestational Weight Gain 

IOM   Institute of Medicine 

IQR   Interquartile Range 

LBW   Low Birth Weight 

MET   Metabolic Equivalent Task 

NTDs   Neural Tube Defects 

OR   Odds Ratio 

PAR    Population-Attributable Risk Fraction  

PPAQ   Pregnancy Physical Activity Questionnaire 

RR   Relative Risk 

SD   Standard Deviation 

UNICEF  United Nations Children’s Fund 

USA   United States of America 

WHO   World Health Organization



1 

 

 

Chapter 1. Introduction and Thesis Overview 

1.1 Overview 

Maternal nutrition and health are worldwide public health concerns (Black et al., 

2013). The World Health Organization (WHO) defined the double burden of 

malnutrition as “the coexistence of undernutrition (wasting, stunting, and 

micronutrient deficiencies) along with overweight and obesity, or diet-related non-

communicable diseases, within individuals, households and populations, and across 

the life course” (WHO, 2016). Recent evidence shows that low- and middle-income 

Asian countries, including Vietnam, are now experiencing a double burden of 

malnutrition among women: the coexistence of underweight and overweight and 

often vitamin deficiencies (Biswas, Magalhaes, Townsend, Das, & Mamun, 2020; 

Black et al., 2013). This is especially the case during pregnancy when nutritional 

problems are associated with adverse pregnancy outcomes and maternal and infant 

health, including foetal growth restriction, birth defects, gestational diabetes, pre-

eclampsia, preterm births, and caesarean deliveries (Black et al., 2013).  

Gestational weight gain (GWG) is carefully monitored throughout pregnancy to 

ensure the health of mothers and infants. In 2009, the Institute of Medicine (IOM) 

recommendations on GWG were updated; and have been in widespread use in most 

countries as the only set of objective guidelines available (Institute of Medicine & 

National Research Council Committee to Reexamine IOM Pregnancy Weight 

Guidelines, 2009). If GWG is too excessive or too little (using the 2009 IOM 

recommendations as a reference), it is associated with many maternal and foetal 

problems including gestational diabetes, hypertension, pre-eclampsia, caesarean 

delivery, preterm births, foetal growth, and postpartum weight retention (Goldstein et 

al., 2017; N. Li et al., 2013; Rong et al., 2015). In 2016, the WHO published a 

recommendation stating that physical activity during pregnancy has a beneficial role 

in preventing excessive GWG (WHO Reproductive Health Library, 2016). However, 

the magnitude of the association between prenatal physical activity and GWG has 

not been documented in Asian countries, including Vietnam. The current evidence of 

the association between prenatal physical activity and GWG has only been observed 

in a small number of studies in Asia, including China and Singapore (Jiang et al., 
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2012; Koh et al., 2013; Xiang et al., 2019). However, physical activity assessments 

in these studies were inconsistent and included only limited assessments (Jiang et al., 

2012; Koh et al., 2013; Xiang et al., 2019).  

A high level of weight retention during the postpartum period is associated with 

long-term obesity (Linne, Dye, Barkeling, & Rossner, 2004; Reynolds et al., 2020). 

Some risk factors for high postpartum weight retention can be modified before, 

during, or in the postpartum period. These include pre-pregnancy BMI, GWG, and 

postpartum physical activity. Low pre-pregnancy BMI was associated with higher 

weight retention in several Asian studies, including in Taiwan and Malaysia (Fadzil 

et al., 2018; Shao, Hwang, Huang, & Hsu, 2018). However, these studies had 

relatively small sample sizes and short follow-ups (i.e., between one and six months 

postpartum). For GWG, previous findings have indicated a positive relationship 

between GWG and postpartum weight retention, but mainly in Western countries, 

with the exception of limited studies from China, Singapore, Taiwan, and Malaysia 

(Fadzil et al., 2018; X. He, Hu, Chen, Wang, & Qin, 2014; Koh et al., 2013; Rong et 

al., 2015). The benefit of postpartum physical activity on postpartum weight 

retention has been documented in Western countries, but not in Asian populations 

(Dipietro et al., 2019; Dodd et al., 2018). The absence of Asian guidelines on 

postpartum physical activity might be attributable to the limited literature on the 

relationship between postpartum physical activity and weight retention among Asian 

women. Only one small-scaled study from Malaysia had results similar to previous 

findings in Western countries, indicating that women who were more physically 

active after childbirth had a reduced risk of high weight retention in the between six 

and twelve months postpartum period (Fadzil et al., 2018; Ng, Cameron, Hills, 

McClure, & Scuffham, 2014; Oken, Taveras, Popoola, Rich-Edwards, & Gillman, 

2007).  

Public health studies have shown that low back pain is prevalent after childbirth 

(Chien, Tai, Hwang, & Huang, 2009; Fenwick, Hauck, Schmeid, Dhaliwal, & Butt, 

2012; Woolhouse, Perlen, Gartland, & Brown, 2012). But again, there have been few 

published studies in Asian women, with the exception of one small-scaled study in 

Taiwanese women (Chien et al., 2009). The presence of postpartum low back pain 

results in difficulties in undertaking routine daily tasks (Thompson, Roberts, Currie, 
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& Ellwood, 2002). Changes in muscle physiology from increased physical activity 

may protect the spine from developing pathology that causes back pain (Campello, 

Nordin, & Weiser, 1996). Existing evidence has shown that high levels of physical 

activities are associated with reduced odds of reporting back pain in general 

populations (R. Shiri & Falah-Hassani, 2017). Prenatal physical activity has been 

recommended as a useful activity to prevent adverse maternal outcomes (Evenson, 

Mottola, & Artal, 2019). Limited findings from studies in Western countries suggest 

that there is a positive association between prenatal physical activity and less 

postpartum low back pain (Nilsson-Wikmar, Pilo, Pahlback, & Harms-Ringdahl, 

2003; Stomp-van den Berg et al., 2012). These studies have only included small 

samples of pregnant women with a limited range of physical activities during 

pregnancy.  

In 2018, the WHO and the United Nations Children’s Fund (UNICEF) and Nutrition 

International addressed the need for developing programs on prenatal micronutrient 

supplementation (Garcia-Casal, Estevez, & De-Regil, 2018). This aimed to respond 

to maternal micronutrient malnutrition and reduce the health burden during 

pregnancy and after birth (Garcia-Casal et al., 2018). Folic acid is a common 

micronutrient deficiency that occurs during pregnancy and if present in the first 

trimester from conception may result in neural tube defects (NTDs). Based on 

evidence from randomised controlled trials, most governments now recommend that 

folic acid supplementation be taken in the periconceptional period (and continued 

throughout pregnancy) may prevent NTDs and improve pregnancy outcomes (MRC 

Vitamin Study Research Group, 1991). Programs to promote this supplementation 

may be improved when maternal factors determining adherence to supplementation 

have been identified.  

1.2 Study Settings 

Vietnam occupies the eastern portion of mainland Southeast Asia and borders 

Cambodia, Laos, and China (Buttinger et al., 2020). It is a low-middle-income 

country consisting of 63 administrative management provinces (and cities) (General 

Statistics Office, 2015). Haiphong City and Hanoi (the capital city) are in Northern 

Vietnam. Ho Chi Minh City is the largest city and the economic and commercial 

centre of Southern Vietnam. In the health sector in Vietnam, the highest level of 
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administration is the Ministry of Health; the second is provincial health departments; 

the third is district health centres. The health system consists of tertiary hospitals, 

district hospitals, health centres, and the lowest level is commune health stations. 

There are also private hospitals and small clinics operated by medical practitioners. 

The population growth of Vietnam has slowed in recent years, but it has still risen 

from 86.2 to 95.5 million people between 2008 and 2018 (The World Bank, 2019b). 

The total fertility rate has increased slightly from 1.907 to 2.042 births per woman 

between 2007 and 2017, or just above the replacement level (The World Bank, 

2019a). In recent years, Vietnam has had one of the fastest-growing economies in 

Southeast Asia. Vietnam is described as undergoing the nutrition and demographic 

transitions, the latter including rapid urbanisation. Following the pattern in many 

lower- and middle-income countries, the prevalence of overweight and obesity has 

risen from 12.0% in 2010 to 17.5% in 2015 (Ministry of Health, 2016; Swinburn et 

al., 2019) . 

In Vietnamese society, married women typically live with their husband’s family, 

and are expected to undertake household tasks while being employed (Knodel, Loi, 

Jayakody, & Huy, 2005). In a national survey of 1776 Vietnamese women aged 30 to 

49 years in 2015, 25.8% reported insufficient physical activity as recommended by 

the WHO (Ministry of Health, 2016). A systematic review estimated an 

overweight/underweight ratio of 0.9 among women in Vietnam (Abdullah, 2015). In 

Thai Nguyen, a province located in northern Vietnam, the prevalence of completely 

(100%) adhering to folic acid and multivitamin supplementations were 14.7% and 

17.2%, respectively (Gonzalez-Casanova et al., 2017). Of 488 women participating 

in a cross-sectional study in Ho Chi Minh City, 49% aged 40 years and over reported 

low back pain and related symptoms (Ho-Pham et al., 2015).  

In summary, overweight is now increasing, coupled with the coexistence of 

underweight, and the double burden of malnutrition in Vietnam (Popkin, Corvalan, 

& Grummer-Strawn, 2020). In addition, Vietnamese women have confronted with 

problems of insufficient physical activity, a low adherence to dietary 

supplementation, and a high prevalence of low back pain.  
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1.3 Aims and Objectives 

The aims of this thesis were to investigate maternal weight changes (pre-pregnancy 

BMI, GWG, and postpartum weight retention), physical health (postpartum low back 

pain), patterns of physical activity, and dietary supplement use among Vietnamese 

mothers within twelve months postpartum.  

Its five specific objectives are: 

Objective 1:  

To assess the association of pre-pregnancy BMI and GWG with weight retention at 

twelve months postpartum in Vietnam. 

Objective 2: 

To evaluate the role of physical activity during pregnancy on GWG in Vietnam. 

Objective 3: 

To ascertain the role of postpartum physical activity on weight retention within 

twelve months postpartum in Vietnam.  

Objective 4: 

To investigate the prevalence of postpartum low back pain and its relation to physical 

activity during pregnancy in Vietnam. 

Objective 5:  

To determine the prevalence of periconceptional folic acid supplementation in 

Vietnam and ascertain the maternal characteristics associated with folic acid use.  

1.4 Study approach 

This thesis was a separate component of the larger ‘Maternal lifestyle and diet in 

relation to pregnancy, postpartum, and infant health outcomes in Vietnam’ project, a 

multicentre prospective cohort study in Vietnam, between August 2015 and 

November 2017 (Nguyen et al., 2017). Pregnant women were recruited from 
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participating hospitals when they visited for prenatal care. Interviewers then 

administered further questionnaires before hospital discharge after delivery and again 

at one, three, six, and twelve months postpartum. This study collected information on 

maternal sociodemographic, physical activity, periconceptional folic acid 

supplementation, GWG, postpartum weight retention, and maternal health outcomes 

from pregnancy to postpartum.  

1.5 Significance of this Study and this Thesis 

The findings of this thesis are significant for the following reasons: 

• Firstly, the investigation on postpartum weight retention and its associations 

with pre-pregnancy BMI and GWG were the first conducted in Vietnamese 

women. The findings suggest that monitoring pre-pregnancy BMI and GWG 

(following the 2009 recommendations) can help Vietnamese women prevent 

postpartum weight retention and the onset of long-term obesity.  

• The second focus of this thesis was on physical activity during pregnancy and 

in the postpartum period as potentially modifiable behaviours, which can 

support Vietnamese women to reduce adverse outcomes, including excess 

weight gain and low back pain after childbirth. The thesis used a physical 

activity assessment scale that had been validated in Vietnam. Weights were 

measured by the interviewers, using a standard protocol at the time of the 

follow-up interviews (Nguyen et al., 2017). The large sample size and long 

follow-up period enhanced the quality of this study. The results will provide 

evidence-based recommendations to public health professionals to support 

Vietnamese women in weight management and postpartum health care. 

• This thesis, the first published study in Vietnam, provided valuable 

information about folic acid supplementation in the periconceptional period. 

Because of the protective role of periconceptional folic acid supplementation 

on the prevention of NTDs, it is important to promote an increase in folic acid 

supplementation. These results assist in developing detailed guidelines, 

including implementing routine surveillance on periconceptional folic acid 

supplementation. The information will be useful to Vietnamese health 

administrators and the national and provincial government health authorities. 
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The prescription of periconceptional folic acid supplementation should be 

considered an important mandatory practice among healthcare providers.  

Overall, the thesis and published papers will provide healthcare providers and 

policymakers with a better understanding of women’s health in Vietnam. 

1.6 Outline of the Thesis 

This thesis consists of five peer-reviewed, published journal papers, and six chapters 

as follows: 

• Chapter 1 provides an overview, an introduction to Vietnam, study aims and 

objectives, and the significance of the study and the thesis.  

• Chapter 2 contains the literature is reviewed in.  

• Chapter 3 describes the methods used in this study in brief since detailed 

methods are provided in published papers in Chapter 4. 

• Chapter 4 includes descriptive findings and published papers following the 

five study objectives.  

• Chapter 5 discusses the results of all five published papers in general and the 

study limitations.  

• Chapter 6 includes a conclusion and recommendations for future practice and 

research. 

Ethical approval letters, a declaration of authorship, permissions from journals, 

questionnaires, information sheets, and informed consent forms are contained in the 

Appendices.   
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Chapter 2. Literature review 

2.1 Overview 

The purpose of this study was to investigate maternal weight changes during 

pregnancy and after childbirth, and physical health, together with patterns of physical 

activity and dietary supplementations among Vietnamese mothers within twelve 

months postpartum. Studies on these similar issues have been conducted in Western 

countries. However, to date, large-scale studies on maternal nutrition and health 

remain sparse in Asian countries. This literature review supplements the shorter 

reviews that are in the published papers, which make up most of this thesis.  

This chapter includes a review of the relevant studies that were prospective or 

retrospective cohorts or randomised controlled trials (RCTs) with a focus on Asian 

populations, including Vietnamese. This chapter has the following five sections, 

gestational weight gain (GWG) (Section 2.2), postpartum weight retention (Section 

2.3), physical activity in pregnancy and the postpartum period (Section 2.4), 

postpartum low back pain (Section 2.5), and folic acid supplementation in the 

periconceptional period (Section 2.6).  

2.2 Gestational Weight Gain  

Weight gain during pregnancy has been documented as a significant contributor to 

pregnancy outcomes in high-income countries since the 1940s. Most studies 

worldwide adopt the United States (US) Institute of Medicine (IOM) to define GWG 

(Institute of Medicine & National Research Council Committee to Reexamine IOM 

Pregnancy Weight Guidelines, 2009), which has been found to impact on mother-

infant dyad (Goldstein et al., 2017).  

2.2.1  Definitions and Measurement in Public Health Research 

The total GWG comprises foetus and uterus weight, amniotic fluid, placenta, 

maternal blood volume, fat, and lean mass (Vinter, 2012). The Institute of Medicine 

defined the total GWG as the weight just before delivery weight (pre-delivery 

weight) minus weight just before conception (pre-pregnancy weight) (Institute of 

Medicine & National Research Council Committee to Reexamine IOM Pregnancy 
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Weight Guidelines, 2009). Accordingly, the pre-delivery weight can be retrieved 

ideally as the last available measured weight from clinical records. To date, most 

studies have adopted the definition of IOM (Abrams et al., 2017; S. He et al., 2019; 

Widen et al., 2015), and this is the definition used in the thesis.   

2.2.2  Historical Background of the Use of Gestational Weight Gain in 

Research Studies and Clinical Guidelines.  

During the 1940s and 1950s in the USA, pregnant women were recommended to 

gain less than nine kilograms (or 20 lbs) for the entire pregnancy, aiming to reduce 

the risk of toxaemia and birth complications related to large babies (Institute of 

Medicine Committee on Nutritional Status During & Lactation, 1990). However, 

either low or high weight gain during pregnancy had been found to have adverse 

effects on infant mortality and morbidity from the 1970s to 1980s. Later, in 1990, the 

IOM firstly released a formal guideline on GWG based on pre-pregnancy body mass 

index (BMI) for four categories: low (<19.8 kg/m2), normal (19.8 to 26.0 kg/m2), 

high (>26.0 to 29.0 kg/m2), and abuse (>29 kg/m2) (Table 2-1).  

Table 2- 1. Institute of Medicine recommendations* on total gestational weight 
gain (GWG) by pre-pregnancy BMI 

In 1990 In 2009 

Pre-pregnancy 

BMI (kg/m2) a 

Recommended 

total GWG (kg) 

Pre-pregnancy 

BMI (kg/m2) b 

Recommended 

total GWG (kg) 

Low  

(<19.8) 
12.5 to 18 

Underweight 

(<18.5) 
12.5 to 18 

Normal 

(19.8 to 26.0) 
11.5 to 16 

Normal weight 

(18.5 to 24.9) 
11.5 to 16 

High 

(>26 to 29.0) 
7 to 11.5 

Overweight 

(25.0 to 29.9) 
7 to 11.5 

Abuse 

(>29.0) 
≥6.8 

Obese 

(≥30) 
5 to 9 

* According to the IOM recommendations on GWG in 1990 (Institute of Medicine Committee 
on Nutritional Status During & Lactation, 1990) and 2009 (Institute of Medicine & National 
Research Council Committee to Reexamine IOM Pregnancy Weight Guidelines, 2009). 

a Derived from the Metropolitan Life Insurance tables (Institute of Medicine Committee on 
Nutritional Status During & Lactation, 1990).  

b Based on the World Health Organisation (WHO) cut-off points (Institute of Medicine & 
National Research Council Committee to Reexamine IOM Pregnancy Weight Guidelines, 2009) 
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Considering possible joint effects of GWG and maternal weight (particularly 

overweight and obesity) on both infant and maternal health, the IOM updated its 

guideline on GWG in 2009 . Significant changes in this updated guideline (compared 

to the 1990 guideline) included (a) the pre-pregnancy BMI was classified based on 

the WHO BMI categories, rather than the previous categories from the Metropolitan 

Life Insurance tables; and (b) obese women were recommended by a specific and 

relatively narrow range of weight gain. According to the 2009 IOM 

recommendations on total GWG (Table 2-1), adequate IOM GWG is classified as 

weight gain during pregnancy within, inadequate IOM GWG is below, and excessive 

IOM GWG is above the recommended GWG range, for each pre-pregnancy BMI 

category, respectively. The 2009 IOM recommendations on GWG are applied to all 

women, including those who differ from ethnic groups (Institute of Medicine & 

National Research Council Committee to Reexamine IOM Pregnancy Weight 

Guidelines, 2009). These recommendations have been adapted in some Asian 

countries, including Korea (Wie et al., 2017), Japan (Enomoto et al., 2016), and 

China (Tan et al., 2018).  

In Vietnam, a study of 2989 women examined optimal weight gain during pregnancy 

to reduce risks of having an infant too large or too small for gestational age between 

2007 and 2008. This study found that a GWG of less than ten kg and greater than 15 

kg was associated with the risk of having an infant too large or too small for 

gestational age. The optimal GWG for each pre-pregnancy BMI category 

(underweight, normal, and overweight) was also computed in this study. However, 

the pre-pregnancy BMI classification in this study differs from that in the 2009 IOM 

recommendations on GWG. For this reason, their findings on optimal GWG for each 

pre-pregnancy BMI category are not directly comparable to that in the IOM GWG 

ranges (Ota et al., 2011).  

2.2.3  Gestational Weight Gain in Asia 

The proportions of inadequate IOM GWG and excessive IOM GWG (following the 

2009 IOM recommendations) vary by countries in Asia. For example, studies in 

China and Singapore reported a lower proportion of women who gained inadequate 
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weight, compared to the proportion of women who gained excessive weight during 

pregnancy (following the 2009 IOM recommendations). Specifically of 5733 women 

in China, the prospective cohort study by Wei et al. (2019) indicated that the 

proportions of inadequate and excessive IOM GWG were 21.5% and 31.3%, 

respectively. The prospective cohort of 1166 Singaporean women found 27.7% with 

inadequate IOM GWG and 36.2% with excessive IOM GWG (Koh et al., 2013). In 

contrast, a retrospective study of 2012 women in Eastern Thailand reported a higher 

proportion of women with inadequate IOM GWG (37.5%) and a lower proportion of 

women with excessive IOM GWG (29.6%) (Sananpanichkul & Rujirabanjerd, 2015). 

Differences in the proportions of GWG categories might be associated with ethnicity, 

which has been mentioned previously. The studies mentioned above included 

pregnant women from one specific province or hospital, which might also be not 

generalizable. 

Vietnamese women are often persuaded to gain as many weights as possible during 

pregnancy. However, in an RCT of 20 rural communes of Vietnam between October 

2011 and May 2012, most women had inadequate IOM GWG (73.4%, n=1436), 

which might be explained by the rural residency of the participants (Young et al., 

2017). Moreover, most of their occupations were related to farming; hence, they may 

engage with higher physical activity levels than urban populations. It has been 

reported that rural Vietnamese women were classified five times more than their 

urban counterparts in the poorest wealth index quintile (General Statistics Office and 

UNICEF, 2015). Rural women also have limited access to prenatal care and food 

insecurity (General Statistics Office and UNICEF, 2015).  

2.2.4  Effects of Gestational Weight Gain on Maternal and Infant Health 

Outcomes 

2.2.4.1   Gestational Hypertension and Pre-Eclampsia 

Hypertension in pregnancy is defined as ≥140 mmHg in systolic blood pressure 

and/or ≥90 mmHg in diastolic blood pressure (Lowe et al., 2014). Gestational 

hypertension (or pregnancy-induced hypertension) is diagnosed based on the new 

onset of hypertension after 20 weeks of gestation without any maternal or foetal 

clinical features of pre-eclampsia (Lowe et al., 2014). The blood pressure then 
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returns to be normal within three months postpartum. The earlier the gestation at 

presentation, the higher is the likelihood of developing pre-eclampsia and 

consequently adverse pregnancy outcomes. Pre-eclampsia is also diagnosed based on 

hypertension after 20 weeks of gestation (some rare cases earlier than this gestational 

week) (Lowe et al., 2014). It is accompanied by one or more of the following signs, 

including renal, haematological, liver, neurological involvement, pulmonary oedema, 

and foetal growth restriction (Lowe et al., 2014).  

It has been previously observed the significant relationships between GWG and 

gestational hypertension and pre-eclampsia. Of 33,973 mother-infant pairs, a study in 

urban Tianjin (China) reported women with excessive IOM GWG increased the risk 

of pregnancy-induced hypertension, compared to those with adequate IOM GWG 

(adjusted OR=1.93 [95% CI 1.62, 2.31]) (N. Li et al., 2013). This Chinese study by 

Li et al. is one of a few studies on the association between pregnancy-induced 

hypertension and IOM GWG in Asia (N. Li et al., 2013). Another study of 21,674 

underweight pre-pregnancy women living in the USA also showed a consistent 

finding (Gavard, 2017). In this study, excessive IOM GWG was positively associated 

with an increased risk of pre-eclampsia (adjusted OR=1.94 [95% CI 1.56-2.42]) 

(Gavard, 2017). The findings gleaned from these two studies consistently indicate 

that excessive IOM GWG can increase risk of both gestational hypertension and pre-

eclampsia. The associations of GWG with gestational hypertension and pre-

eclampsia may be explained in part by the effect of obesity on placental function and 

perfusion through hyperlipidaemia, insulin resistance, and hyperinsulinemia (Lopez-

Jaramillo, Barajas, Rueda-Quijano, Lopez-Lopez, & Felix, 2018).  

2.2.4.2   Mode of Delivery  

The role of GWG and its impact on mode of delivery has been studied previously in 

very few observational studies in Asia, but findings are inconsistent. A recent study 

in China found that excessive GWG (following the 2009 IOM recommendations) 

was positively associated with caesarean deliveries (adjusted risk ratio (RR)=1.21 

[95% CI 1.19, 1.23]) in 1,009,987 nulliparous women (Zhou et al., 2017). Of 1883 

Japanese singleton pregnant women, another prospective cohort did not observe a 

significant relationship between GWG and emergency caesarean deliveries; and the 

authors explained this is probably due to low emergency caesarean rates in their 
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study (Tanaka et al., 2014). We did not locate any studies conducted in Vietnam or 

similar countries regarding the relationship between GWG and mode of delivery. 

Studies with larger sample sizes are warranted across different Asian populations, 

particularly those with rising rates of caesarean deliveries, including Vietnam.  

2.2.4.3   Preterm Births 

Preterm births include all births born alive before completing 37 weeks of pregnancy 

(WHO, 2018). Most studies on the relationship between GWG and preterm births are 

from non-Asian countries.  

A retrospective cohort of 33,872 US women, who gave birth between 1995 and 

2003, observed a significant relationship between GWG and preterm birth (all births 

under 37 weeks of gestation). Women of normal pre-pregnancy BMI and low GWG 

(0 to 9 kg) (adjusted OR=1.5 [95% CI 1.2, 1.7]), or high GWG (≥20 kg) [adjusted 

OR=1.3 [95% CI 1.1, 1.5]) had an increased risk of preterm birth (Savitz, Stein, 

Siega-Riz, & Herring, 2011). Another retrospective cohort study in Peru examined 

the association of GWG with preterm birth subtypes, including idiopathic preterm 

birth, preterm premature rupture of membrane, and preterm birth resulting from 

medical intervention. The authors reported that idiopathic preterm birth accounts for 

most of deliveries under 37 weeks (85.7%) among 8964 women. Underweight 

women who gained inadequate weight recommended by the IOM had double the risk 

of all preterm subtypes (adjusted OR=2.03 [95% CI 1.25, 3.30]) (Carnero, Mejia, & 

Garcia, 2012). However, the authors observed the null relationship between 

excessive IOM GWG and all preterm subtypes (the OR included the value of 1.00).  

Few studies have also been conducted to examine the relationship between GWG 

and preterm delivery in Asian women. A study of 1593 Chinese women in Wuhan 

found significantly increased odds of delivering preterm infants in women with 

inadequate GWG (based on the 2009 IOM recommendations) (Guan, Tang, Sun, & 

Ren, 2019). However, no relationship between excessive IOM GWG and preterm 

delivery was confirmed (Guan et al., 2019). Another cohort study retrieved 

retrospective data from six provinces of China in 2013, and the results are in line 

with the aforementioned findings in the USA (Huang et al., 2016; Savitz et al., 

2011). The results also indicated GWG, which is below or above the 2009 IOM 
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GWG, was associated with an increased risk of preterm delivery (Huang et al., 

2016). 

Overall, these studies highlight that either too much or too little GWG is associated 

with preterm delivery, although the results of the studies varied. The observed 

studies, which retrospectively examined the relationship between GWG and preterm 

delivery, retrieved data from healthcare facilities. Therefore, caution must be applied, 

as the findings might not capture the confounding effects of maternal lifestyle 

behaviours that are unlikely available in medical records.  

Up to now, little attention has been paid to the impact of GWG on preterm delivery 

in Vietnam. In a recent cross-sectional study on preterm birth in Vietnam in 2016, 

the preterm rate in live births was 5% of 20,762 births. Nonetheless, this study lacked 

data on maternal anthropometric measures (Giang, Ulrich, Tran, & Bechtold-Dalla 

Pozza, 2018). Further studies are needed to elucidate the association between preterm 

birth and GWG because previous studies were confined to one or few healthcare 

facilities in Vietnam. 

2.2.4.4   Foetal Growth  

Many studies observed statistically significant relationships between GWG and 

foetal growth in terms of birth weight and infant size for gestational age.  

Regardless of gestational age, low birth weight (LBW) and macrosomia are defined 

as the newborn's first weight of less than 2500 grams and greater than 4000 grams, 

respectively (WHO, 2006; Ye et al., 2015). A meta-analysis including eleven studies 

in Western and Asian countries (Japan, Taiwan, and Korea) reported a positive 

association between excessive GWG (above the 2009 IOM recommendations) and 

macrosomia (adjusted OR=1.95 [95% CI 1.79, 2.11]) (Goldstein et al., 2017). LBW 

rates in some Asian countries (i.e., Thailand, Malaysia, and Indonesia) have been 

declining (WHO, 2019a). It might be related to nutrition improvement for women 

during pregnancy. However, few studies in Asia have linked inadequate GWG 

(below the 2009 IOM recommendations) to LBW. In a recent population-based study 

of 21248 Taiwanese women, mothers with inadequate IOM GWG were found to be 

less likely to have a macrosomia delivery (adjusted OR = 0.59 [95% CI 0.42, 0.83]), 

but more likely to deliver a LBW baby (adjusted OR=2.26 [95% CI 1.95, 2.62]), 
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relative to those with adequate IOM GWG (Chen, Chen, & Hsu, 2020). To elucidate 

if maternal nutrition has been related to changes in low-birth-weight trends in Asian 

countries, further studies are needed to address whether maternal nutrition may drive 

low birth weight trends in this region.  

Foetal growth can also be assessed using infant sizes for gestational age. A recent 

meta-analysis with 265,270 births, which collected data of 39 cohorts from Europe, 

North American, and Oceania, reported that women with inadequate IOM GWG 

were more likely to have an infant with a small size for gestational age (Population-

attributable risk fraction in percentage (PAR) =11.0). In contrast, excessive IOM 

GWG was associated with a higher risk of giving births to babies who are large size 

for gestational age (PAR=31.6) (Santos et al., 2019). Several studies in China and 

Vietnam also reported consistent findings on the association between excessive IOM 

GWG and delivering a large-for-gestational-age infant (Su et al., 2019; Young et al., 

2017). In Vietnam, Young et al. examined the association between GWG and infant 

size for gestational age, using prospective data from a randomized controlled trial in 

1599 rural women. Their finding was in line with Santos et al. (2019) that inadequate 

IOM GWG was associated with the increased odds of delivering an infant with a 

small size for gestational age (adjusted OR=2.5 [95% CI 1.6, 4.0]) (Young et al., 

2017). These findings suggest that GWG is associated with foetal growth outcomes.  

2.2.5  Factors Associated with Gestational Weight Gain 

2.2.5.1   Energy Balance during Pregnancy 

Energy intake should not exceed energy expenditure to control weight gain. Energy 

expenditure and its relationship with GWG have been reviewed in Section 2.4.4.1 

(Physical activity during pregnancy and GWG). Of 3314 Dutch women who 

participated in the Generation R cohort prospective study, the authors found that total 

energy intake was positively associated with excessive GWG, albeit no information 

on physical activity during pregnancy (Gaillard et al., 2013). However, the observed 

relationship between energy intake and GWG was not statistically significant in a 

meta-analysis of 18 observational studies and RCTs (Jebeile, Mijatovic, Louie, 

Prvan, & Brand-Miller, 2016). This meta-analysis included studies in Caucasian and 

Asian populations (Japan and India) between 1992 and 2013 (Jebeile et al., 2016). 
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These findings may be somewhat limited by sparse observational studies in Asian 

countries, where pregnant women have been observed 'eating-for-two' norm during 

pregnancy, including Vietnam and Thailand (Hashmi et al., 2018; Hirst et al., 2012).   

2.2.5.2   Pre-pregnancy Body Mass Index (BMI) 

Pre-pregnancy BMI is calculated as pre-pregnancy weight in kilos (kg) divided by 

height in meters squared (m2). Data from several studies suggest that women who 

were overweight or obese prior to pregnancy had a greater likelihood of gaining 

excessive weight during pregnancy than women who had a normal weight before 

pregnancy (Dolin et al., 2020; Restall et al., 2014). An Australian study among 1950 

pregnant women found that women who were pre-pregnancy overweight were 2.9 

times as likely to have excessive GWG (following the 2009 IOM recommendations) 

(95% CI 2.20, 3.82) (Restall et al., 2014). A recent study of women living in the 

USA also indicated pre-pregnancy obesity was associated with increased risk of 

excessive IOM GWG, compared to pre-pregnancy normal weight (relative risk 

ratio=2.13 [95% CI 1.16, 3.90]) (Dolin et al., 2020). However, this study is limited 

by a small sample size (n=508) and only included Hispanic low-income women 

(Dolin et al., 2020). Another limitation of this study is that studied women, who were 

underweight before pregnancy, were excluded from their analysis due to a small 

number of participants (Dolin et al., 2020). As a result, their results are not 

generalizable to women who are underweight before pregnancy.  

One cohort study in Asia has examined the association between pre-pregnancy BMI 

and GWG (Koh et al., 2013). The prospective cohort study of 1166 women living in 

Singapore showed that odds of inadequate GWG (following the 2009 IOM 

recommendations) were significantly higher for women who were underweight 

before pregnancy, compared to those with normal weight (adjusted OR=3.09 [95% 

CI 2.06, 4.65]) (Koh et al., 2013). However, the study in Singapore did not observe a 

significant association between pre-pregnancy overweight and excessive IOM GWG, 

which is not consistent with previous studies mentioned above in Australia and the 

USA. This discrepancy suggests that other factors may interact with pre-pregnancy 

BMI to influence excessive IOM GWG in Singapore, and perhaps in other Asian 

populations too. However, little attention has been paid to the relationship between 
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pre-pregnancy BMI and GWG in other Asian countries including Vietnam, where 

has been observed the coexistence of underweight and overweight or obesity.  

2.2.5.3  Maternal Sociodemographic Factors 

Age, education, and ethnicity are common determinants of GWG. Using data from 

54,022 singleton pregnancies in a prospective cohort study in Belgium, women aged 

20-24 years, being single, belonging to ethnic minority groups (non-Belgians and 

non-Dutch) were associated with increased risk of excessive and inadequate IOM 

GWG. Besides, mothers with high or highest educational levels had lower odds for 

excessive and inadequate IOM GWG (Bogaerts et al., 2012). This finding was in line 

with another study in the USA regarding the associations of maternal age and 

education with GWG (Deputy, Sharma, Kim, & Hinkle, 2015). Few studies 

conducted in the associations between maternal socio-demographic factors and GWG 

in Asia. The study by Koh et al. found that women aged ≥31 years old were less 

likely to have excessive GWG (adjusted OR=0.66 [95% CI 0.48, 0.91]), compared to 

women aged 20 to 30 years old in Singapore (Koh et al., 2013). Due to the multi-

ethnic characteristic of Singapore, another notable finding was that women who 

belonged to the Malay ethnic group were more likely to have either inadequate or 

excessive GWG, compared to women who belonged to the Chinese ethnic group 

(Koh et al., 2013). In a recent cohort study, Singaporean women with the junior 

college or polytechnic educational level were more likely to have excessive IOM 

GWG, compared to women with university or higher educational level (adjusted 

OR=1.96 [95% CI 1.25, 3.07]) (S. He et al., 2019). The above-mentioned studies are 

from developed countries (the USA and Singapore); therefore, they may not be 

generalizable to Asian countries with lower socio-economic or undernourished 

status. Socio-demographic determinants of GWG might help design and tailor 

programs promoting healthy GWG.  

2.3 Postpartum Weight Retention  

Since the Institute of Medicine (IOM) published its guideline on GWG in 2009, 

many studies have turned their attention to maternal weight change after giving birth. 

This section describes the postpartum weight retention definition, measurement, and 

common effects of high postpartum weight retention on maternal long-term health 
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outcomes. Two major factors associated with postpartum weight retention, namely 

pre-pregnancy BMI and GWG, are discussed in this section, followed by a 

discussion of the association between physical activity, which is another behavioural 

factor, and postpartum weight retention. Lastly, patterns on postpartum weight 

retention are described in Asian countries, including Vietnam.  

2.3.1  Definition and Measurement in Public Health Research 

Postpartum weight retention has been recommended for routine surveillance at the 

national level by the IOM since 2009. The 2009 IOM guideline recommends that 

total postpartum weight retention measurement is repeated at three, six, nine, twelve, 

and 18 months postpartum (Institute of Medicine & National Research Council 

Committee to Reexamine IOM Pregnancy Weight Guidelines, 2009). The weight 

retention is calculated by the difference between pre-pregnancy weight and 

postpartum weight. This absolute weight retention calculation has been adapted in 

many observational studies in the literature (Cheng, Walker, Tseng, & Lin, 2011; 

Rong et al., 2015; Soria-Contreras et al., 2020).  

2.3.2 Postpartum Weight Retention in Asia 

Previous findings suggest higher weight retention in some Asian populations than in 

the Caucasian population (Kinnunen et al., 2019; Waage et al., 2016). Although there 

have been a limited number of studies on postpartum weight retention in Asia, a 

systematic review included twelve studies of six Asian countries and indicated that 

Asian women were from 1.56 to 4.1 kg heavier at six months postpartum than before 

pregnancy.  

A study of 1122 Chinese women showed women retained 5.0 (interquartile range 

[IQR] 7.0) kg and 3.0 (IQR 5.5) kg on average at six and twelve months postpartum, 

respectively (X. He et al., 2014). Another study among 924 Chinese women 

indicated that weight retention was 3.25 (SD 4.64) kg on average at six months 

postpartum (Sha et al., 2019). A study of 461 women in Taiwan noted that the mean 

weight retention at six months postpartum was 2.1 (SD 3.3) kg (Shao et al., 2018). A 

later study in 1166 Singaporeans reported 32.7% of women who retained over five 

kg at six months postpartum (Koh et al., 2013). Similarly, the proportion of women 

retaining over five kg at six months postpartum was 33.8% of 420 women in 
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Malaysia (Fadzil et al., 2018). These data show that a notable proportion of women 

in many Asian countries did not return to their pre-pregnancy weight after giving 

birth.  

2.3.3  Effects of High Postpartum Weight Retention on Women's Health 

Existing prospective cohort studies in Western countries recognises the critical role 

played by postpartum weight retention on women's weight trajectories and the onset 

of long-term obesity (Linne et al., 2004; Reynolds et al., 2020). In a nine-year study 

of 9724 women with a singleton pregnancy in Dublin (Ireland), the incidence of 

maternal obesity increased from 11.6% in the first pregnancy to 16.0% in the 

subsequent pregnancy (Reynolds et al., 2020). In a follow-up of the Stockholm 

Pregnancy and Weight Development study, one-quarter of the examined sample of 

887 Swedish women had pre-pregnancy normal weight and developed overweight at 

the 15-year follow-up (Linne et al., 2004). Previous observational studies on 

postpartum weight retention in Asia have followed up mothers until 24 months 

postpartum (Cheng et al., 2011; Rong et al., 2015). It remains unknown whether 

postpartum weight retention significantly influences Asian women's weight 

trajectories in a longer period.  

Increased BMI in women might contribute to hormone changes. For example, 

increased fat tissue can increase maternal oestrogen levels, thus, increasing 

endometrial cancer risk. A systematic review and meta-analysis, which included 

282,137 incident cancer patients between 1966 and 2007, recorded strong 

associations of increased BMI in women with several cancers. For instance, a five 

kg/m2 increase in BMI was strongly associated with endometrial cancer (risk ratio 

(RR)=1.59 [95% CI 1.50, 1.68]) and renal cancer (RR=1.34 [95% CI 1.25,1.43]) 

(Renehan, Tyson, Egger, Heller, & Zwahlen, 2008). These studies highlight the 

impact of increased BMI, which might be caused by high postpartum weight 

retention in women on their long-term health outcomes. Sparse long-term follow-ups 

on postpartum weight retention in Asian women result in gaps in understanding of 

the impact of postpartum weight retention on maternal long-term health outcomes.  
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2.3.4  Association between Pre-Pregnancy BMI and Postpartum Weight 

Retention  

The relationship between pre-pregnancy BMI and postpartum weight retention has 

received increasing attention since the 2009 IOM recommendations, and data 

remains inconsistent. A prospective cohort study of 887 Sweden women indicated no 

association between pre-pregnancy BMI and one-year postpartum weight retention 

(p>0.05), which was categorized into three levels (<0.2 kg, 0.2 to 2.2 kg, >2.2 kg) in 

a simple correlation analysis (Linne et al., 2004). What is less evident in this analysis 

is the absence of adjustment for GWG and energy expenditure, which have been 

reported previously as associated factors with postpartum weight retention (Cheng et 

al., 2011; Rong et al., 2015). In contrast, another prospective cohort study including 

550 women in the USA indicated that women having pre-pregnancy underweight 

were more likely to retain one to ten lb weight at three months (relative risk (RR) 

=1.7 [95% CI 1.4, 2.1]) and one year (RR=2.0 [95% CI 1.6, 2.7]) postpartum, 

compared to those having pre-pregnancy normal weight (Siega-Riz et al., 2010). 

Notably, pre-pregnancy overweight or obesity was inversely associated with 

retaining higher than ten lb at twelve months postpartum (RR=0.6 [95% CI 0.5, 0.8]) 

(Siega-Riz et al., 2010).  

In Asia, there is a paucity of studies addressing the relationship between pre-

pregnancy BMI and postpartum weight retention, and results are also inconsistent. A 

cohort study of 461 Taiwanese women reported an inverse association between pre-

pregnancy BMI and postpartum weight retention at one month (adjusted OR=0.85 

[95% CI 0.77-0.94]) (Shao et al., 2018). In another cohort study of 638 women in 

Malaysia, mothers with pre-pregnancy BMI <25 kg/m2 were observed to have higher 

postpartum weight retention at six months on average than those with pre-pregnancy 

BMI ≥25 kg/m2; whereas, the association was non-significant (Fadzil et al., 2018). 

Given the relatively small sample size, the findings of these studies have a lack of 

generalisability to all populations in either Taiwan or Malaysia. There is also 

insufficient evidence to link pre-pregnancy BMI and postpartum weight retention in 

Asian women, as most studies had a short follow-up period of between one and six 

months postpartum.  
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2.3.5  Association between Gestational Weight Gain and Postpartum 

Weight Retention 

GWG is a major contributor to postpartum weight retention (Institute of Medicine & 

National Research Council Committee to Reexamine IOM Pregnancy Weight 

Guidelines, 2009). A meta-analysis of 17 studies (in Taiwan, Singapore, Iran, 

Sweden, Netherlands, Canada, Denmark, Australia, and the USA) suggested that 

GWG, following the 2009 IOM, remained to be associated with postpartum weight 

retention in both short- and long-term periods (Rong et al., 2015).  The relationship 

between GWG and postpartum weight retention has been reported in limited studies 

in Asian countries, including China, Singapore, and Malaysia.  

A study among 1166 Singaporean women found positive associations between 

excessive GWG and retaining ≥five kg at six, twelve, and 24 months postpartum; and 

the highest increase was observed at 24 months postpartum (adjusted OR =2.81 

[95% CI 1.80, 4.39]) (Koh et al., 2013). An inverse association between inadequate 

GWG and weight retention of over five kg was also observed at six months 

postpartum only (adjusted OR=0.32 [95% CI 0.19, 0.53]). The strength of this study 

was the inclusion of weight retention at multiple time points (i.e., from six to 24 

months). However, it is essential to bear in mind the possible recall bias in all self-

reported postpartum weights, which were retrospectively interviewed on the phone. 

This limitation might explain why the 95% confidence intervals were moderately 

wide when computing odds for retaining postpartum weight at twelve months in 

women with excessive GWG (adjusted OR 12 months postpartum=5.00 [95% CI 2.35, 

10.6]). 

Using prospective data from a cohort of 1289 Chinese women in Anhui province, 

followed up until twelve months postpartum between 2010 and 2012, the authors 

observed that excessive IOM GWG was approximately four times likely to gaining 

≥4.55 kg (an approximation of ≥10 lbs) at twelve months postpartum (X. He et al., 

2014). In addition, a prospective cohort study including 420 Malaysian women 

indicated a significant positive relationship between gaining ≥12 kg during 

pregnancy and early postpartum weight retention (i.e., at six months) (estimated 

coefficient=2.64, [95% CI 2.001, 3.282], p<0.001) (Fadzil et al., 2018). The above 

studies revealed a positive association between GWG and postpartum weight 
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retention in Asian women, though data is still lacking. The first twelve months were 

acknowledged as the minimum period for postpartum health recovery. However,  

only two studies (China (X. He et al., 2014) and Singapore (Koh et al., 2013)) on 

weight retention at greater or equal to twelve months postpartum have been observed 

in Asia. To date, there has been no study investigating the association between GWG 

and postpartum weight retention up to twelve months in Vietnam.   

2.4 Physical Activity in Pregnancy and the Postpartum Period 

In the literature, a variety of instruments have been used to measure physical activity 

during pregnancy and in the postpartum period. Guidelines on physical activity 

during pregnancy and in the postpartum period have recommended the benefits of 

physical activity on pregnancy and postpartum health outcomes. One important 

health benefit of physical activity concerns bodyweight management, which has been 

well documented for the general population in the literature. The impact of physical 

activity on both maternal body weight during pregnancy and the postpartum period 

in Asian countries is the primary interest of this review.  

2.4.1  Physical Activity and Bodyweight 

Energy balance is the balance of total energy expenditure and total energy intake. 

Total daily energy expenditure comprises 60-75% basal metabolic rate, 10% thermic 

effects from eating (food), and 15-30% physical activity energy expenditure 

(McArdle, 2015). Physical activity is the most influential and changeable component 

of total energy expenditure. Physical activity energy expenditure consists mainly of 

purposeful-voluntary physical activity (exercise) and non-exercise activity 

thermogenesis. Non-exercise activity thermogenesis refers to energy expenditure 

associated with daily and non-exercise physical activity, including housework, 

occupational, and traveling activities in daily life (Levine, Vander Weg, Hill, & 

Klesges, 2006; Villablanca et al., 2015). An increase in physical activity energy 

expenditure can increase total energy expenditure and then redress an energy balance 

(Pontzer et al., 2016). Therefore, both exercise and non-exercise physical activity 

should be considered together in body weight management.  

Studies are scarce regarding the association between physical activity (both exercise 

and non-exercise physical activity) and body weight (BMI) in Asian women. In 
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Thailand, a large cross-sectional study of 74,981 women aged between 15 and 87 

years old investigated the relationship between obesity and physical activity in 2005 

(Banks, Lim, Seubsman, Bain, & Sleigh, 2011). It found an inverse relationship 

between Thai women being obese and mild exercise-related physical activity over 20 

minutes per week or walking for at least ten minutes per week or doing gardening 

and housework for at least twice per week (p for trend <0.0001). In addition, there 

was a statistically significant positive relationship between sedentary time (at least 

four hours per day) and overweight/obesity in Thai women (p for trend <0.001). The 

findings were in line with another large cross-sectional study in China (n= 466,605) 

among women aged 35 to 74 years old, where an inverse association was found 

between household activity or sports/exercise and BMI (Du et al., 2014). To date, 

only one study (with a sample of 14,706 respondents aged 25-64 years) reported a 

negative association between physical activity (i.e., total physical activity or work 

activity) and BMI in Vietnamese women (Bui et al., 2015). The findings mentioned 

above suggested that physical activity plays an important role in women's weight 

trajectory. 

2.4.2  Association between Physical Activity during Pregnancy and 

Gestational Weight Gain 

Increasing attention has been paid to physical activity during pregnancy, partly due 

to its beneficial role in reducing complications, including unhealthy GWG 

(Kraschnewski et al., 2013; Wang, Wen, Liu, & Liu, 2019). Under the 2018 

guidelines in Canada and the USA, healthy GWG was identified as a critical 

outcome of physical activity throughout pregnancy (Evenson et al., 2019).  

A recent meta-analysis of interventional studies demonstrated a protective effect of 

light- to moderate-intensity exercise on GWG, despite potential sampling bias, 

different exercise interventions, and lack of non-exercise physical activity 

measurements. In this meta-analysis, four of 23 included studies were from Asian 

populations, including China, Japan, and Iran (Wang et al., 2019). Similarly, a few 

cohort studies investigated the relationship between physical activity and GWG in 

Asian countries, such as China (Jiang et al., 2012; Xiang et al., 2019) and Singapore 

(Koh et al., 2013). However, no study has examined the role of physical activity 

during pregnancy on GWG in Vietnam.  
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A cohort study of 862 pregnant women in China measured physical activity within 

four days in each second and third trimester (two working days and two weekend 

days) (Jiang et al., 2012). Women in the active group gained less weight during 

pregnancy than women in the sedentary group. Despite the use of objective and 

repetitive measurements of physical activity and the inclusion of energy intake in all 

models, 70% of its studied women were office-based employees. Moreover, the 

physical activity assessment relied on limited pedometer-wearing days. A 

retrospective cohort study of 1166 Singaporean women, which showed an inverse 

relationship between exercise and having excessive GWG (adjusted OR=1.42 [95% 

CI 1.03, 1.98]) (Koh et al., 2013). The authors defined “exercise” spending 15 

minutes or more of any exercise at least once a week before or during pregnancy. 

Due to such limited physical activity assessment, their finding could not distinguish 

physical activity undertaken before and during pregnancy.  

Another recent cohort study of 1,077 Chinese women investigated the relationship 

between physical activity during pregnancy and GWG in the Sichuan province of 

Western China (Xiang et al., 2019). Respondents who reported the highest level (the 

fourth quartile) of total physical activity at last trimester had reduced risks of either 

inadequate (adjusted OR=0.31 [95% CI 0.10, 0.91]) or excessive IOM GWG 

(adjusted OR=0.33 [95% CI 0.12, 0.91]), compared to those reported the lowest level 

(the first quartile) of total physical activity (≤23 MET-hour per week). The study 

observed a small number of women engaged in a high level of occupational physical 

activity (n=158, 14.7%), which might explain the undetectable relationship between 

occupational physical activity and GWG.  

In summary, all studies among Asian populations reviewed above suggested that 

total physical activity during pregnancy appears to be beneficial to achieving a 

healthy GWG. However, there was a lack of consistency between studies regarding 

the physical activity measurements at different time points during pregnancy.  

2.4.3  Association between Physical Activity in the Postpartum Period 

and Postpartum Weight Retention.  

In total, between 1990 and 2013, guidelines on physical activity during the 

postpartum period were identified in five countries, namely Australia, Canada, 
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Norway, the United Kingdom, and the USA (Evenson, Mottola, Owe, Rousham, & 

Brown, 2014). Postpartum physical activity has been suggested to resume with mild 

intensity and gradual increase, particularly in women who did not engage in 

vigorous-intensity physical activity before and during pregnancy. However, the 

guidelines were inconsistent regarding the frequency and type of activities. The 

benefits of postpartum physical activity in maternal weight management have been 

documented in the United Kingdom and the USA. No guidelines on postpartum 

physical activity have been found in Asian countries.  

Several studies have examined the relationship between postpartum physical activity 

and postpartum weight retention, but they were restricted mainly to Caucasian 

populations and in developed countries (Dipietro et al., 2019; Dodd et al., 2018). A 

prospective cohort study in 1213 Australian women reported that women who spent 

less than once a week on walking ≥30 minutes had an increased risk of high one-year 

postpartum weight retention (adjusted OR=1.69 [95% CI 1.06, 2.71], p=0.029) (Ng 

et al., 2014). A major strength of this Australian study is its assessment of a broad 

range of activities in caregiving, occupation, and recreation domains (i.e., 

recreational activity with baby, moderate physical activity less than once a week, 

having a paid job after birth) after delivery (Ng et al., 2014). 

A prospective cohort study of 902 women in the USA exhibited an inverse 

relationship between walking at least 30 minutes per day (for exercise and travelling) 

at six months postpartum and weight retention at twelve months postpartum (Oken et 

al., 2007). Walking is a common activity used to assess postpartum physical activity. 

However, the impact of total physical activity women spent per week on postpartum 

weight retention remained unknown from this study. 

There is little evidence on the relationship between postpartum physical activity and 

weight retention in the postpartum period among Asian women, with the exception 

of a prospective cohort study in Malaysia. The cohort study of 420 Malaysian 

women suggested that increasing postpartum physical activity could lead to less 

weight retention at six months postpartum (Beta= -5.92 [95% CI -6.77, -5.07], 

p<0.001) (Fadzil et al., 2018). Total physical activity (the combination of walking 

and moderate-, and vigorous-intensity activities measured by the validated short 



26 

 

 

version of International Physical Activity Questionnaire) was the mean of physical 

activity scores at two, four, and six months postpartum, and was dichotomised as 

'less active' (<3000 MET-minutes/week) and 'active' (≥3000 MET-minutes/week) in 

their study. Additional studies on the relationships between a variety of postpartum 

physical activity intensities and domains; and postpartum weight retention are 

warranted.  

2.5 Postpartum Low Back Pain 

This section describes low back pain definitions and prevalence of low back pain in 

the postpartum period. There has been limited research on postpartum low back pain 

in Asia. Therefore, most epidemiologic studies, which will be discussed in this 

section, were in Western countries and with large sample sizes. Definitions and 

prevalence of low back pain are outlined first. Several common factors associated 

with postpartum low back pain are discussed next, including maternal weight, mode 

of delivery, and parity. Attention will then be turned to the relationship between 

physical activity during pregnancy and postpartum low back pain.  

2.5.1  Definitions and Prevalence of Postpartum Low Back Pain 

Stresses in the sacroiliac joints and lumbosacral spine through weight gain, lordosis, 

and ligament laxity contribute to postpartum low back pain (Salzberg, 2012). The 

development of low back pain in the postpartum period might be independent of 

pregnancy-related pains, which suggests the critical role of prevention against the 

postpartum low back pain (Dunn et al., 2019; Gutke, Boissonnault, Brook, & Stuge, 

2018).  

Definitions of back pain vary amidst studies (Hurwitz, Randhawa, Yu, Cote, & 

Haldeman, 2018). Clinical studies have distinguished between continuous (or 

persistent) and recurrent low back pain (Bergstrom, Persson, & Mogren, 2019; Y. P. 

Li, Cui, Liu, Zhang, & Zhao, 2018). Public health studies, however, have defined 

postpartum low back pain as a yes or no symptom after childbirth (Woolhouse et al., 

2012). Two studies on postpartum back pain with a large sample size were found 

from Australia (Fenwick et al., 2012; Woolhouse et al., 2012). The first prospective 

cohort study in Melbourne (Australia) showed that 49% of 1378 women reported low 

back pain at six months postpartum. At ten weeks postpartum, 41% reported back 
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pain symptoms in a cross-sectional of 2699 Western Australian women (Fenwick et 

al., 2012). Another study in Canada also indicated 77% (n=1212) women with some 

level of back pain reported at twelve months postpartum (Mannion, Vinturache, 

McDonald, & Tough, 2015). Both studies showed a high prevalence of back pain 

after childbirth.  

Despite the growing recognition of low back pain as a common postpartum health 

problem, there is a paucity of data regarding the prevalence of low back pain in 

postpartum women in Asian countries, including Vietnam. Of 166 Taiwanese women 

in a prospective cohort, 51.8% reported back pain symptoms at one year postpartum 

(Chien et al., 2009). The studies on postpartum low back pain found in the literature 

were in high-income countries, which makes generalizability limited.  

2.5.2  Associated Factors with Postpartum Low Back Pain 

2.5.2.1  Socio-demographic and Pregnancy-Associated Factors 

Factors commonly associated with postpartum low back pain include maternal 

weight, parity, and mode of delivery. Based on previous literature related to low back 

pain, women with high BMI seem to have increased odds of low back pain. In a 

prospective cohort study of 1574 Canadian women, women who were obese before 

pregnancy were more likely to report impairment of daily tasks due to back pain than 

those who were normal or underweight at twelve months postpartum (adjusted 

OR=1.70 [95% CI 1.07, 2.68]) (Mannion et al., 2015). Another study in Australia 

indicated the positive relationship between having caesarean delivery and reporting 

low back pain at six months postpartum (adjusted OR=1.37 [95% CI 1.06, 1.77]), 

whereas this relationship did not observe at twelve months postpartum (Woolhouse 

et al., 2012).  

Several studies on postpartum low back pain reported parity as another associated 

factor, but the findings are inconsistent (Mannion et al., 2015; Thompson et al., 

2002). Of 1193 Australian mothers in a prospective cohort study, multiparous 

women did not report significant declines in postpartum back pain between eight and 

24 weeks postpartum, compared to nulliparous women (Thompson et al., 2002). The 

findings are in line with a later finding in Canada. The authors also reported that 

multiparous mothers were more likely to report impairment of daily tasks due to back 



28 

 

 

pain than nulliparous mothers at twelve months postpartum (adjusted OR=1.80 [95% 

1.10, 2.95]). These results may be explained by the fact that multiparous mothers 

might have more required caregiving activities than nulliparous mothers.   

2.5.2.2  Physical Activity during Pregnancy 

Low back pain is a leading global cause of disability, and it becomes even more 

common after giving birth (Cooklin et al., 2015; GBD 2015 Disease and Injury 

Incidence and Prevalence Collaborators, 2016). Previous studies of Swedish women 

with postpartum low back pain reported impairments to their daily routines, but they 

seldom sought healthcare assistance or treatment (Bergstrom, Persson, Nergard, & 

Mogren, 2017; Nilsson-Wikmar et al., 2003). Several studies in Taiwan and 

Australia focused on the treatment of low back pain in the postpartum period; 

however, few prevention studies have been undertaken in postpartum women 

(Fogarty, McInerney, Stuart, & Hay, 2019; Ko & Lee, 2014).  

Physical activity results in changes in muscle physiology, which protects the spine 

(Campello et al., 1996). The positive relationship between being physically active 

and low back pain in the general population was indicated in a meta-analysis of 

prospective cohort studies (Relative risk [RR] = 0.84 [95% CI 0.77, 0.92]) (R. Shiri 

& Falah-Hassani, 2017). A longitudinal study also showed an inverse relationship 

between gardening activities and back pain (adjusted OR=0.55 [95% CI 0.38, 0.80]) 

in 10,007 Canadian women (Kopec, Sayre, & Esdaile, 2004). Besides, a positive 

relationship between activity restriction and back pain was observed in their studied 

women (adjusted OR=1.98 [95% CI 1.45, 2.72]). These findings suggest that a 

variety of activities is essential to include when investigating the relationship 

between physical activity and low back pain.  

Physical activity during pregnancy has been recommended to prevent adverse 

maternal and infant outcomes (Evenson et al., 2019). It has been suggested as a 

protective role of physical activity during pregnancy on postpartum low back pain, 

but the results are inconsistent. Nilsson-Wikmar et al. studied three physical activity 

treatment groups of Sweden women with diagnosed prenatal low back pain (Ko & 

Lee, 2014). The first group (n=40) was provided with information on low back pain 

and sacroiliac belt. The second group (n=41) was provided the same treatment with 
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the first and a home exercise program. The third (n=37) was provided the same 

treatment as in the first and a clinic-based exercise program. No significant 

differences in postpartum pain at twelve months were observed amidst these groups 

(p=0.54) (Nilsson-Wikmar et al., 2003).  

Uncomfortable postures at work might be related to moderate-to-vigorous intensity 

in occupational activities. A previous study found that uncomfortable work posture 

was positively associated with odds of back pain at twelve weeks postpartum 

(adjusted OR=1.35 [95% CI 1.11, 1.64]) (Stomp-van den Berg et al., 2012). This 

study investigated 548 pregnant women who were employed at least twelve hours 

per week during pregnancy in the Netherlands (Stomp-van den Berg et al., 2012). 

The authors did not observe the relationship between the number of working hours 

per week and postpartum low back pain. One explanation for this discrepancy is the 

difference in activity intensity amid work types.  

Overall, there appears to be a link between physical activity during pregnancy and 

postpartum low back pain. However, previous studies demonstrated limitations due 

to small sample sizes and lacking assessment of intensity and duration of activity 

(Nilsson-Wikmar et al., 2003; R. Shiri & Falah-Hassani, 2017; Stomp-van den Berg 

et al., 2012). Besides, physical activity during pregnancy has been measured 

inconsistently and in limited types. It suggests further investigation on the influence 

of a variety of physical activity intensities and domains during pregnancy on 

postpartum low back pain. 

2.6 Folic Acid Supplementation in the Periconceptional Period  

2.6.1  Folic Acid and Neural Tube Defects 

Folate has a vital role in periods of rapid cell division and growth, especially during 

foetal development (Ifergan & Assaraf, 2008). It is difficult to measure folate intake 

from food because it exists in multiple forms of polyglutamates, which have varying 

levels of bioactivity and can easily be destroyed by sunlight, cooking, and storage 

processes (Bailey, 2009). Its synthetic form, folic acid, is used in dietary supplements 

and food fortification. Folic acid contains only the monoglutamate form, which is 
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more biologically active than polyglutamates and more efficient for preventing 

adverse health effects due to folate deficiency (Bailey, 2009).  

Folate deficiency is a common micronutrient deficiency during pregnancy as the 

demand for folate is increased due to foetal growth and development. The deficiency 

can occur if a mother's dietary intake of folate is inadequate during pregnancy 

(Looman et al., 2018; Pinto, Barros, & dos Santos Silva, 2009). Folate is required for 

methylation reactions, particularly of deoxyribonucleic acid (DNA), leading to 

impaired cellular function (Copp, Stanier, & Greene, 2013). The impairment of DNA 

synthesis or methylation reactions can adversely affect genomic responses (e.g., 

impaired gene expression, genomic instability, and DNA damage), possibly 

preventing the proper closure of the neural tube (Beaudin & Stover, 2007). 

Interventional studies have demonstrated the protective effects of folic acid 

supplementation against some types of neural tube defects (NTDs) (Castillo-

Lancellotti, Tur, & Uauy, 2013; Garrett & Bailey, 2018) and congenital heart defects 

(Liu et al., 2016; Mao et al., 2017). Evidence has accumulated supporting the 

protective effect of folic acid in preventing NTDs. In 1991, the Medical Research 

Council Vitamin Study, a double-blind, placebo-controlled trial, showed that 

periconceptional folic acid supplementation prevented 72% of NTDs (95% CI 29%, 

88%) (MRC Vitamin Study Research Group, 1991). These results confirmed the 

finding of a Hungarian study that found a 100% reduction in NTDs and a significant 

reduction in congenital malformations (22.9 per 1000 persons in the intervention 

group versus 13.3 per 1000 persons in the control group, p=0.02). These findings 

suggested that folic acid supplementation can be recommended to all women of 

childbearing age in the periconceptional period.  

2.6.2  Current Recommendations on Folic Acid Supplementation in the 

Periconceptional Period 

As a result of these studies, the World Health Organization (WHO) recommends 

periconceptional folic acid supplementation, i.e., that all women of childbearing age 

take a daily supplement of 400 mcg folic acid from the moment they plan to conceive 

until twelve weeks of gestation (WHO, 2019b). Since then, most Western countries 

have recommended periconceptional folic acid supplementation, including the USA, 

New Zealand, and the United Kingdom (Force et al., 2017; Ministry of Health, 2003; 
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National Health Services (NHS), 2019). For example, in Australia, it is 

recommended that women begin to take folic acid when they are trying to become 

pregnant (Department of Health, 2018). In order to provide some protection for 

women who do not take the folic acid tablets early enough, flour in Australia is also 

fortified (National Health and Medical Research Council, 2014). To date, limited 

recommendations on periconceptional folic acid supplementation were found in 

Asia, including Singapore, Japan, and China (Gomes, Lopes, & Pinto, 2016; 

Yamamoto & Wada, 2018; Zhu & Ling, 2008). These national-level 

recommendations have acknowledged the WHO's recommendations. 

In Vietnam, the national guidelines on nutrition for pregnant women (following the 

Decision 776/2017-QD-BYT) has recommended dietary supplementation with a 

daily dose of 400 mcg folic acid during pregnancy since 2017 (Vietnam Ministry of 

Health, 2017). However, it is recommended that health professionals start the 

prescription of folic acid supplements to pregnant women at their first antenatal visit 

(Vietnam Ministry of Health, 2017), which, on average, is at four months of 

pregnancy (General Statistics Office and UNICEF, 2015), i.e., later than the 

commencement date recommended by the WHO (WHO, 2019b). This is too late to 

be of any value in preventing NTDs which occur in the first two to three months after 

conception (MRC Vitamin Study Research Group, 1991; WHO, 2019b). 

2.6.3  Availability and Accessibility of Folic Acid Supplementation in 

Vietnam 

Folic acid supplement tablets can be purchased at prenatal care clinics and 

pharmaceutical stores without prescriptions in Vietnam. The cost is estimated to be 

about $0.15 Australian dollar per tablet. However, no studies have assessed the 

preference and acceptability of Vietnamese pregnant women on the cost of folic acid. 

Folic acid supplement tablets could be described in prenatal care visits, although 

such practice is not mandatory (Vietnam Ministry of Health, 2017).  

Free-of-charge distribution of folic acid supplements to women might help women 

with limited resources; however, resources are restricted in terms of government 

funding and administration. Programs and trials on free-of-charge folic acid tablets 

were rather limited in time frame (Aikawa, Jimba, Nguen, & Binns, 2008; Berger et 
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al., 2005; Casey et al., 2011; Gonzalez-Casanova et al., 2017). A study in northern 

Vietnam showed a decline in adherence to iron-folic acid supplementation, despite 

the provision of weekly free-of charge tablets to women (Casey et al., 2017). The 

program was also interrupted in several study sites due to a considerable turnover of 

local staff. Another study in Vietnam attempted to reduce cost by selling iron-folic 

acid tablets to non-pregnant women and used the profit to fund the free-of-charge 

distribution of tablets to pregnant women (Khan et al., 2005). Nevertheless, the rate 

of sales was  much lower than the rate of usage (Khan et al., 2005). Therefore, 

successful folic acid supplementation would require assessments on cost-

effectiveness and sustainable distribution system and stakeholders. Before 

determining the feasibility of providing free-of-charge tablets, consideration may be 

given to health communication and education campaigns on the benefits of folic acid 

supplementation. 

2.6.4  Prevalence and Factors Associated with Periconceptional Folic 

Acid Supplementation  

In Asia, the prevalence rates of folic acid supplementation in the periconceptional 

period have been reported in Thailand, China, and Japan. A cross-sectional study in 

Thailand recruited participants at one antenatal clinic in Bangkok in 2005 (Nawapun 

& Phupong, 2007). Of 401 participants, 9.7% took folic acid during their 

periconceptional period. This finding was the earliest report on periconceptional folic 

acid supplementation in Southeast Asia. Maternal educational level was the only 

significant predictor of the supplementation, that university-educated women were 

more likely to supplement with folic acid in the correct period (adjusted OR=3.67 

[95% CI 1.29, 10.43], p=0.015). Age, parity, and planned pregnancy were not 

significantly associated with the correct supplementation in the multivariable 

analysis. The low prevalence of periconceptional folic acid in these Thai women 

might be explained by a high proportion of women whose pregnancies had not been 

planned (n=242, 60.3%). The study findings, however, could not be generalised to 

other parts of Thailand because of the small sample size. 

A study of 4290 women in Anhui Province of China indicated that 67.7% reported 

correct periconceptional folic acid supplementation (Xing et al., 2012). In line with 

the Thai study (Nawapun & Phupong, 2007), higher-educated women were more 
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likely to take folic acid supplements in the periconceptional period (p<0.001) (Xing 

et al., 2012). In addition, a non-significant difference in supplementation was 

observed between multiparous and nulliparous women (Xing et al., 2012). Besides, 

women aged over 25 years reported higher odds of periconceptional supplementation 

compared to women aged less than 25 years (p<0.001) (Xing et al., 2012). Planning 

of pregnancy was also associated with increased odds of the supplementation 

(adjusted OR=2.16 [95% CI 1.72, 2.71]). The duration of optimal intake was limited 

until four weeks after conception, which is earlier than the end date recommended by 

the WHO (i.e., 12 weeks of gestation) (WHO, 2019b; Xing et al., 2012). Similar to 

the Thai study, it remained unknown if the folic acid users took the supplements on a 

daily basis (Nawapun & Phupong, 2007; Xing et al., 2012). 

In Japan, of 1862 Japanese women who participated in Osaka, the result indicated a 

lower prevalence of periconceptional folic acid supplementation (20.5%), compared 

to those reported in previous studies in China (Anhui Province) and Thailand 

(Bangkok) (Yamamoto & Wada, 2018). This survey was conducted in only one 

medical centre (Yamamoto & Wada, 2018). The study did not survey if the index 

pregnancy was planned. The role of maternal age on the periconceptional 

supplementation corroborates the earlier findings in Anhui, China (Xing et al., 2012; 

Yamamoto & Wada, 2018). Besides, multiparous women were more likely to have 

correct supplementation, compared to nulliparous women in Japan (p<0.01) 

(Yamamoto & Wada, 2018). This result differs from the previous finding in the 

studies mentioned above in Thailand and China (Nawapun & Phupong, 2007; Xing 

et al., 2012; Yamamoto & Wada, 2018). No information on maternal education and 

planning of pregnancy were investigated in order to compare to the literature 

(Yamamoto & Wada, 2018).  

All of these studies suggest the varying prevalence of folic acid supplementation in 

the periconceptional period amidst Asian countries, including Thailand, China, and 

Japan (Nawapun & Phupong, 2007; Xing et al., 2012; Yamamoto & Wada, 2018). 

Although the recommendations on periconceptional folic acid supplementation in 

China and Japan were introduced at the national level between 2000 and 

2001(Yamamoto & Wada, 2018; Zhu & Ling, 2008), the prevalence of 

supplementation, which were measured in China between October 2008 and 
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September 2009, and in Japan between September 2014 and December 2015, were 

not high as expected (Xing et al., 2012; Yamamoto & Wada, 2018). Based on these 

studies, more campaigns promoting the role of periconceptional folic acid 

supplementation are essential. These findings also suggest more studies on 

periconceptional folic acid supplementation in Asia, especially Southeast Asian 

countries and low- or middle-income countries.  

Previous studies have found that factors associated with folic acid supplementation in 

the periconceptional period were maternal age, educational level, planning of 

pregnancy, and parity, albeit inconsistent findings observed in the studies mentioned 

above (Nawapun & Phupong, 2007; Xing et al., 2012; Yamamoto & Wada, 2018). 

Maternal age, parity, and planning of pregnancy were also found to be associated 

factors with the periconceptional folic acid supplementation in several non-Asian 

countries, including Ireland, New Zealand, and Brazil (da Rosa et al., 2019; 

McKeating et al., 2015; Teixeira et al., 2018).  

One recent study described several associated factors with the adherence to dietary 

supplements prior to and during pregnancy (Gonzalez-Casanova et al., 2017). This 

study retrieved data from 4417 Vietnamese women participating in an RCT, which 

examines the effect of micronutrient supplementation on birth outcomes in Thai 

Nguyen province, Northern Vietnam. Maternal occupation and parity were found as 

determinants of adherence. However, these findings cannot be extrapolated to all 

Vietnamese women due to the interventional design (Gonzalez-Casanova et al., 

2017). To date, no studies with a large sample size have observed the prevalence of 

periconceptional folic acid supplementation in Vietnam.     

2.7 Conclusion 

This literature review has highlighted many areas important to pregnancy outcomes 

for mothers and babies where data from Asia are lacking. 

GWG is a public health concern worldwide. The 2009 IOM recommendations on 

GWG have been adapted in several Asian countries. Studies commonly reported the 

relationship between GWG (following the 2009 IOM recommendations) and health 

outcomes: gestational hypertension, pre-eclampsia, mode of delivery, preterm births, 
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foetal growth (i.e., macrosomia, low birth weight, and infant size for gestational age). 

However, the impacts of GWG on some of these outcomes are not well-understood 

in Vietnam, with the exception of infant size for gestational age. Age, education, 

ethnicity, pre-pregnancy BMI have been found as significant determinants of GWG, 

albeit inconsistent findings. The prevalence of GWG varied across Asian countries 

with a lack of generalizability.  

Accumulated evidence has established the long-term impacts of postpartum weight 

retention on women's weight trajectories. A significant number of Asian women 

were reported not to have returned to their pre-pregnancy weight after giving birth. 

Pre-pregnancy BMI and GWG have been recognised as two major factors 

significantly associated with postpartum weight retention. Most studies, which have 

linked pre-pregnancy BMI and postpartum weight retention in Asian women, had a 

maximum of the six-month follow-up period and a small sample size. A few studies, 

which had greater or equal to twelve months follow-up, reported the relationship 

between GWG and postpartum weight retention in Asian countries. 

Physical activity is a modifiable factor of bodyweight. It has been recommended in 

pregnancy and postpartum period in several recommendations. Studies in several 

Asian countries suggested physical activity as a beneficial behaviour to achieve 

healthy GWG. Little evidence was found on the relationship between postpartum 

physical activity and postpartum weight retention. Physical activity has been 

measured inconsistently in pregnancy and postpartum period. 

Low back pain is reported as a common health problem after delivery, albeit few 

prevention studies in Asian women. Common determinants of low back pain were 

maternal weight, parity, and mode of delivery. Several studies suggested that 

physical activity can help reduce postpartum low back pain. However, these results 

were based on small sample size, limited physical activity types, and lacking 

assessment of activity intensity and duration.  

The WHO recommends folic acid supplementation in the periconceptional period to 

prevent neural tube defects. The prevalence rates of periconceptional folic acid 

supplementation varied across Asian countries, ranging between 9.7% in Thailand 

and 67.7% in China. A few studies reported periconceptional folic acid 
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supplementation in Asia. Associated factors with folic acid supplementation included 

maternal age, educational level, planning of pregnancy, and parity. However, the 

results were inconsistent.  
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Chapter 3: Methods  

This chapter presents methods for achieving the study objectives and ethics. 

3.1 Study Design 

This present thesis is a separate component of a large-scale multicentre prospective 

cohort study of 'Maternal lifestyle and diet in relation to pregnancy, postpartum and 

infant health outcomes in Vietnam', which was conducted in Vietnam between 

August 2015 and November 2017. Its protocol paper has been published previously 

(Nguyen et al., 2017). The purpose of this multicentre study was to collect mother-

infant information, including sociodemographic, maternal modifiable risk factors, 

breastfeeding, and health outcomes during pregnancy and after delivery.  

3.2 Study Settings 

The multicentre study was conducted in three cities: Hanoi, Haiphong, and Ho Chi 

Minh City, in Vietnam. Hanoi and Haiphong are the cities in Northern Vietnam. Ho 

Chi Minh City locates in Southern Vietnam. At baseline, participants were recruited 

and interviewed at six participating hospitals listed below: Dong Anh District 

Hospital (in Hanoi City), Vinh Bao District Hospital (in Haiphong City), and Tan 

Phu District Hospital, Hoc Mon District Hospital, District 2 Hospital, and Hung 

Vuong Hospital (in Ho Chi Minh City). The total population in Dong Anh District 

(Hanoi) has an estimated total population of 300,000 residents covering an area of 

182 km2 in 2013 (People's committee of Dong Anh District, 2013). Vinh Bao is a 

coastal district with an estimated population of 180,000 residents in a land area of 

180 km2 in 2008 (People's committee of Vinh Bao District, 2008). Total populations 

in Tan Phu District (16.1 km2), District 2 (49.7 km2), and Hoc Mon District (109.2 

km2) estimated 464,000, 147,000 and 422,000 residents, respectively (Viet Nam 

General Statistics Office, 2015). Among the six participating hospitals, five hospitals 

(Dong Anh District Hospital, Vinh Bao District Hospital, Tan Phu District Hospital, 

Hoc Mon District Hospital, and District 2 Hospital) are secondary-level hospitals, 

which are funded and administered by People’s Committees at districts and cities. 

Hung Vuong Hospital is a tertiary-level hospital, which is administered by Ho Chi 

Minh City People’s Committee.  
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Tan Phu District Hospital, District 2 Hospital, and Hoc Mon District Hospital could 

refer their patients to Hung Vuong Hospital, particularly in the event of pregnancy 

complications. The additional inclusion of Hung Vuong Hospital as a participating 

hospital aimed to capture more participants referred from District 2 Hospital, Tan 

Phu District Hospital, and Hoc Mon District Hospital.  

3.3 Selection Criteria 

3.3.1  Inclusion Criteria 

At baseline interviews, the interviewers recruited pregnant women who visited any 

one of the six recruiting hospitals for prenatal check-ups between August 2015 and 

July 2016. Pregnant women were invited to participate if they were 18 years old or 

over, in a singleton pregnancy, at between 24 and 28 weeks of gestation, and were 

able to read the information sheet and sign consent forms. In this study, the 

participants were not required to be a citizen in a selected district/city, or to present 

permanent residence identification cards. Women who had been living for more than 

one year in Hanoi, Hai Phong, and Ho Chi Minh City before pregnancy, planned to 

deliver babies in the six participating hospitals and intended to live in these three 

recruiting cities after delivery were recruited.  

3.3.2  Exclusion Criteria 

The study excluded individuals who reported any serious pre-existing health 

conditions and medical precautions (including cancer and ischaemic heart disease, 

according to information provided by their medical doctors) at baseline interviews.   

3.4 Study Procedure  

3.4.1  Sample Size and Flow Chart of Participants 

The sample size of the multicentre study was calculated based on one of the research 

objectives to examine the relationship between breastfeeding and gestational 

hyperglycaemia (Nguyen et al., 2017). Assuming 20% prevalence of gestational 

hyperglycaemia in the Vietnamese women (Tran, Hirst, Do, Morris, & Jeffery, 

2013), 42% and 52% prevalence of exclusive breastfeeding at three months 

postpartum in mothers with and without diagnosed gestational hyperglycaemia, 
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respectively (Verd, de Sotto, Fernandez, & Gutierrez, 2016), the sample size of 1662 

women was calculated to detect an expected odds ratio of 0.7 with 90% power.  

To allow for a potential 20% rate of attrition (withdrawal and loss to follow-up), the 

final required sample size was adjusted to 2000 pregnant women. Proportional to the 

population of each recruiting city, 900, 300, and 800 pregnant women were 

interviewed at baseline in Hanoi, Haiphong, and Ho Chi Minh cities, respectively 

(General Statistics Office, 2015; Nguyen et al., 2017).  

3.4.2  Participant Recruitment 

Baseline Interviews 

In the stage of baseline interviews, singleton pregnant women with 24-28 weeks of 

gestation, who received prenatal care from any of the six recruiting hospitals in 

Hanoi, Haiphong, and Ho Chi Minh cities between August 2015 and July 2016, were 

invited to participate in the study. Individuals were recruited until the desired sub-

sample quota for each studied city was attained, following the given selection 

criteria. Interviewers provided study information sheets for participants. Informed 

consent was obtained at baseline interviews. 

Participants provided information on socio-demographics, energy intake, and 

physical activity during pregnancy, previous history of health problems and 

pregnancies, and current pregnancy (i.e., gestational age, gestational diabetes, pre-

pregnant weight), using standard or validated questionnaires for Vietnamese adults. 

Interviewers measured maternal height to calculate pre-pregnancy BMI.  

Follow-Up Interviews 

After the delivery and before hospital discharge, information on birth delivery, 

including mode of delivery, pre-delivery weight (the last weight measured before 

birth delivery), infant weight at delivery, and infant gender was retrieved from 

medical records. After the hospital discharge, the study interviewers visited the 

participants' homes to collect follow-up information at one, three, six, and twelve 

months postpartum. Specifically, detailed information on physical activity at three 

months postpartum, maternal low back pain outcomes at six months postpartum, 

maternal anthropometric measures at six and twelve months postpartum were 

collected.  
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The flow chart of participant recruitment is given in Figure 3-1 below. Of 2248 

eligible women, 90.3% (n=2030) of women participated and supplied baseline data. 

In the parent research, of 2030 women participated at baseline interviews, 90.39%, 

89.01%, and 85.2% followed up at three, six, and twelve months postpartum, 

respectively.   
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12-month postpartum interview (n=1730)   

Discharge interview (n=1906)   

Excluded (n=124) 
   HIV infection cases (n=2) 
   Pregnancy termination (n=1) 
   Stillbirths (n=8) 
   Perinatal deaths (n=7) 
   Sent to the orphanage after birth (n=1) 
   Lost to follow-up due to relocation and 

lost phone contact (n=105) 
 

Excluded (n=71) 
   Lost to follow-up due to relocation and 

lost phone contact  
 

6-month postpartum interview (n=1807)   

3-month postpartum interview (n=1835)   

Excluded (n=218) 
   Declined to participate due to time 

constraints  

Baseline interview (n=2030)   

Excluded (n=28) 
   Lost to follow-up due to relocation and 
lost phone contact  
 

Excluded (n=77) 
   Lost to follow-up due to relocation and 

lost phone contact  
 

Assessed for eligibility (N=2248) 
   aged ≥ 18 years old  
   singleton pregnancy at the third trimester 
   living permanently in study setting 
   was able to provide the informed consent 
   were able to provide informed consent 
   no serious pre-existing health conditions 

 

Figure 3- 1. Flow chart of participants‘ recruitment 
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3.5 Description of Study Variables 

3.5.1 Anthropometric Assessment 

Trained interviewers measured maternal height (their standing height at baseline 

interviews) using a stadiometer to the nearest one millimetre. The interviewers asked 

participants (a) to remove any items from the top of the head and their shoes, (b) to 

stand up straight with “the back of her head, shoulder blades, buttocks, and heels 

make contact with the backboard”.  

Regarding postpartum weight assessment, interviewers brought portable weight 

scales to respondents’ houses to measure maternal weight at follow-ups. The 

interviewers checked batteries of weight scales before interviews. The weight 

measurement was ensured using a checklist adapted from the Anthropometry 

Procedures Manual for US National Health and Nutrition Examination Survey: (a) 

place the portable scale on the floor, (b) place 11 of the 10-kg weights on the scale to 

control the used scales’ quality, (c) ask mothers remove coats or jackets, their foot 

wears and socks, watches, and all items from their pockets (Centers for Disease 

Control and Prevention, 2016). 

3.5.2 Pre-Pregnancy BMI Assessment 

Pre-pregnancy BMI was calculated by dividing pre-pregnancy weight (in kg) by the 

square of maternal height (in meters). It was further categorised in underweight 

(<18.5 kg/m2), normal weight (18.5 to 22.9 kg/m2), and overweight/obesity (≥23 

kg/m2), following the cut-offs from the WHO for Asian populations (WHO Expert 

Consultation, 2004). 

3.5.3 Gestational Weight Gain Assessment 

GWG was defined as the difference between pre-delivery weight and pre-pregnancy 

weight, and further classified as below (inadequate), within (adequate), or above 

(excessive), following the 2009 Institute of Medicine recommendations on weight 

gain during pregnancy (Institute of Medicine & National Research Council 

Committee to Reexamine IOM Pregnancy Weight Guidelines, 2009). The definition 

and categorisation of GWG were used in some previous practice (Ketterl, Dundas, 

Roncaioli, Littman, & Phipps, 2018; McKeating et al., 2015; Rong et al., 2015). 
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3.5.4  Postpartum Weight Retention Assessment 

 Postpartum weight retention at six and twelve months postpartum was calculated by 

subtracting the pre-pregnancy weight from the weight measured at six and twelve 

months postpartum, respectively. Other studies used the same definition and 

calculations for postpartum weight retention (Ketterl et al., 2018; Leonard, 

Rasmussen, King, & Abrams, 2017; Rong et al., 2015). 

3.5.5  Postpartum Low Back Pain 

Low back pain is pain at the lower back (lumbosacral spine). Trained interviewers 

subsequently asked mothers for details of locations of their pains to confirm the low 

back pain, which makes mothers difficult to do their routine activities during the six 

months postpartum period. In this study, the frequency and duration of low back pain 

during six months postpartum were not recorded due to the subjectivity and 

perception of Vietnamese women on low back pain. Low back pain during six 

months postpartum was categorised as a binary variable in the data analysis of this 

study. Responses of "yes, low back pain is presence" were coded as "1" and those of 

"no, low back pain is absent" were coded as "0". 

3.5.6  Periconceptional Folic Acid Supplementation 

Trained interviewers collected information on dietary supplementation via a 

validated Vietnamese version of the Food Frequency Questionnaire at baseline 

interview (Appendix G) (Van Dinh, Van Dong, Nguyen, & Lee, 2013). Women were 

asked, "Have you ever taken folic acid or multivitamin supplements during this 

pregnancy?” Further consumption details of their supplementation were solicited in 

terms of frequency (number of times on a daily or weekly or monthly basis), quantity 

(number of tablets taken per time), and duration (number of months or weeks or days 

taken during pregnancy). The information was cross-checked against their pregnancy 

health books and medical records whenever possible. Any discrepancy was 

subsequently re-confirmed with mothers.  

The periconceptional folic acid supplementation was assessed using two primary 

outcomes. Given that multivitamins available in Vietnam contain folic acid, the first 

binary outcome was the correct use of either supplement containing folic acid alone 

or multivitamins containing folic acid (1=correct use, 0=incorrect use). The second 
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binary outcome was the correct use of supplements containing folic acid alone 

(1=correct use, 0=incorrect use). The actual amount of supplemented folic acid was 

not assessed. However, prenatal supplements provided to pregnant women are 

required to contain at least 600 mcg of folic acid daily (Vietnam Ministry of Health, 

2014). Common commercial prenatal supplements contain a minimum amount of 

400 mcg folic acid in the Vietnamese market (Aikawa et al., 2008; Ramakrishnan et 

al., 2016). For both outcomes, "correct use" was referred to the daily use of a 

supplement containing 400 mcg (or more) folic acid and the commencement from 

the time when the pregnancy was planned until twelve weeks of gestation (i.e., 

periconceptional period), following the World Health Organization (WHO) 

recommendations.  

3.5.7  Physical Activity Assessment 

A validated Vietnamese version of the Pregnancy Physical Activity Questionnaire 

(PPAQ) was used to assess physical activity during both pregnancy and three months 

postpartum (Appendix G) (Ota et al., 2008). The PPAQ measures time spent on 32 

habitual activities in four domains, namely household or caregiving, occupational, 

sports or exercise, transportation. The duration, frequency, and intensity of physical 

activity were calculated and expressed in terms of metabolic equivalent task hours 

per week (MET-hour/week), based on the PPAQ scoring mechanism and the 

Compendium of Physical Activities (L. Chasan-Taber et al., 2004). Total physical 

activity was defined as the sum of all activities across domains. The intensity was 

further classified as “light-intensity” (1.5 to <3.0 METs), “moderate-intensity” (3.0 

to 6.0 METs), and “vigorous-intensity” (>6.0 METs) (L. Chasan-Taber et al., 2004). 

Hours per week spent on sitting activities were also assessed (i.e., watching 

television, sitting in front of a computer, reading, talking, riding a motorcycle, or 

driving, and sitting at work or classes). To investigate the associations of physical 

activity exposures with outcomes of interest, physical activity variables were further 

categorised into tertiles with the highest (third) tertile reflecting the high-level 

activity. Several physical activity variables, namely sports or exercise and 

occupational activities at three months postpartum, were dichotomised (yes/no) due 

to low participation in these activities.  
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3.5.8  Other Independent Variables' Assessment 

 Total energy intake (Kcal per day) during pregnancy was estimated using a validated 

food frequency questionnaire for Vietnamese adults (Appendix G) (Van Dinh et al., 

2013). The questionnaire has been previously validated in the Vietnamese population 

and showed to be an appropriate instrument to assess energy intake for Vietnamese 

adults. Its reliability was evaluated using intra-class correlation coefficients (from 

0.15 to 0.83), which were comparable to those from the original questionnaire for 15 

main food groups of 128 food and beverage items (Van Dinh et al., 2013). 

Sociodemographic characteristics, including maternal age, educational level, formal 

employment ("yes": office-based staff, service, sales, manufacturing workers, or 

technicians; "no": housewives, freelancers, unskilled farmers, or planters, or 

unemployed), were recorded at the baseline interview. Information on current 

pregnancy, including whether the current pregnancy was planned, parity (first 

pregnancy, multiparous), gestational age, mode of delivery (vaginal, caesarean), birth 

weight (in kg), infant gender (male, female), history of previous health problems was 

also captured from either self-reporting or medical records. Gestational diabetes 

status was obtained from the 75-gram oral glucose tolerance test in the third trimester 

(Nguyen et al., 2018).  

3.5.9  Description of Variables and Instruments 

The main variables and instruments used in this thesis are presented in the following 

Table 3-1.  

Table 3- 1. Description of the main variables and instruments used in this thesis. 

Variables Instrument Time Assessment 

Maternal age, education, 

employment status, occupation, 

pre-pregnant weight, planning of 

current pregnancy, history of 

previous health problems, and pre-

pregnant weight.  

A structured questionnaire Baseline 

Maternal height Stadiometer Baseline 
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Variables Instrument Time Assessment 

Gestational diabetes status (based 

on 75-gram oral glucose tolerance 

test), and parity. 

Medical records Baseline 

Energy intake during pregnancy, 

periconceptional folic acid 

supplementation. 

a validated Vietnamese 

version of Food 

Frequency Questionnaire a 

Baseline 

Physical activity subtypes during 

pregnancy and in the postpartum 

period 

a validated Vietnamese 

version of PPAQ b 

Baseline, 

Three months 

postpartum 

Pre-delivery weight, gestational age 

at birth, mode of delivery, 

birthweight, and infant gender. 

Medical records Hospital discharge 

Postpartum low back pain A structured questionnaire 
Six months 

postpartum 

Maternal weight in the postpartum 

period 
Portable weight scales 

Six and twelve 

months postpartum 

a According to the validated Vietnamese version of Food Frequency Questionnaire (Van Dinh et al., 
2013) 
b According to the validated Vietnamese version of PPAQ (Ota et al., 2008) 

3.6 Data Management 

Data collected by the multicentre study were checked for errors and missing 

information before entering to EpiData Entry package 3.1, and de-identified and then 

transferred to Stata 15.0 for further cleaning and analysis (StataCorp, 2017). Data of 

the present thesis were retrieved from the larger multicentre prospective cohort study 

(Nguyen et al., 2017). Data storage and management of the present thesis have been 

following the Research Data Management Plan and the Curtin University Research 

Data and Primary Materials Policy. Specifically, all the data used for the present 

thesis have been stored in an R drive, which is administered by the Curtin University 

network. Only the candidate and principal supervisor are permitted to access their R-

drive account. 
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3.7 Statistical Analysis 

Statistical analyses were conducted using Stata software version 15.1 (StataCorp, 

2017). The statistical significance level for all tests was set at 5% (i.e., a p-value of 

less than 0.05 was considered statistically significant). 

This thesis used different statistical methods for achieving the five research 

objectives mentioned in Chapter 1. Each statistical method has two steps.  

In the Step I analysis, the following primary analyses were performed: 

• Descriptive statistics were used to summarise the sample characteristics.  

• Normality was assessed for continuous dependent (outcome) variables. 

• Differences between groups were compared by using Chi-square or Fisher's 

exact test (for categorical variables), and independent samples t-test or one-

way analysis of variance (for continuous variables). 

In step II analysis, regression analyses were performed: 

For achieving Objective 1: 

To assess the association of pre-pregnancy BMI and GWG with weight 

retention at twelve months postpartum in Vietnam 

Simple and multiple linear regression models were used to assess the associations 

between pre-pregnancy BMI, GWG, and twelve-month postpartum weight retention, 

with the adjustment for a set of covariates and plausible confounding factors: 

maternal age, education, formal employment, parity, gestational diabetes status, 

gestational age, mode of delivery; and total energy intake and total physical activity 

during pregnancy. The selection of covariates was based on their plausibility to 

achieve the research objective with reference to the pertinent literature (Fadzil et al., 

2018; X. He et al., 2014; Oken et al., 2007; Siega-Riz et al., 2010). The interactive 

effect between pre-pregnancy BMI and GWG on twelve-month postpartum weight 

retention was assessed using a likelihood ratio test. Further regression analyses were 

performed by stratifying participants according to their pre-pregnancy BMI and 

GWG. In addition, a sensitivity analysis was conducted after removing 62 (3.7%) 

individuals who delivered LBW infants (<2500 g). 
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For achieving Objective 2: 

To evaluate the role of physical activity during pregnancy on GWG in 

Vietnam. 

Multiple linear regression analyses were used to investigate the associations between 

physical activity during pregnancy and GWG. Each physical activity exposure 

variable was analysed using two regression models. Firstly, the regression model 

(model I) included maternal age, education, employment, parity, history of health-

related problems, gestational diabetes mellitus, gestational age, total energy intake 

during pregnancy, and pre-pregnancy BMI, which have been previously regarded as 

plausible confounders in the literature (Lisa Chasan-Taber et al., 2014; Kraschnewski 

et al., 2013). Subsequently, accounting for its potential attenuation effect, sitting time 

was further adjusted in the regression model (model II) for each physical activity 

exposure variable (Di Fabio, Blomme, Smith, Welk, & Campbell, 2015). Similarly, 

total physical activity was adjusted in the multivariable model for assessing the 

association between sitting time and GWG. Logistic regression analyses were also 

performed to additionally investigate the association of having excessive GWG (>15 

kg) with physical activity and sitting time.  

For achieving Objective 3: 

To ascertain the role of postpartum physical activity on weight retention 

within twelve months postpartum in Vietnam 

Multiple linear regression analyses were conducted separately to ascertain the 

relationships between postpartum weight retention at six and twelve months 

postpartum and each postpartum physical activity exposure, controlling for potential 

confounding factors (maternal age, education, formal employment, parity, mode of 

delivery, pre-pregnancy BMI, total energy intake and total physical activity during 

pregnancy, gestational age, and GWG). These confounding factors were included in 

the regression models based on our literature review and their availability in our 

study (Fadzil et al., 2018; Levine et al., 2006; Öhlin & Rössner, 1994; Oken et al., 

2007; Siega-Riz et al., 2010). Following that, the general linear model with repeated 

measures was used to further ascertain the relationship by using weight retention 

measured at six and twelve months postpartum simultaneously, with the adjustments 

for the same set of confounding factors as above.  
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For achieving Objective 4: 

To investigate the prevalence of postpartum low back pain and its relation to 

physical activity during pregnancy in Vietnam. 

Multivariable logistic regression analyses were performed to ascertain the 

relationships between low back pain and physical activity exposures, including total 

physical activity, sitting time, light-intensity, moderate-to-vigorous-intensity, 

household/caregiving, occupational, transportation physical activity, and 

sports/exercise during pregnancy. The covariates were firstly selected from previous 

literature and their availability in our study (Mogren, 2008; Rahman Shiri et al., 

2009). In the final model, maternal age, education, formal employment, parity, pre-

pregnancy BMI, and gestational diabetes mellitus were included with a priori clinical 

relevance before applying the backward elimination method.  

For achieving Objective 5: 

To determine the prevalence of periconceptional folic acid supplementation 

in Vietnam and ascertain the maternal characteristics associated with folic 

acid use. 

Univariate and multivariable logistic regression analyses were conducted to 

investigate the associations between maternal characteristics and the two separate 

outcomes of folic acid supplementation, namely, the ‘correct use of either 

supplement containing folic acid alone or multivitamins containing folic acid’ 

(outcome 1) and the ‘correct use of supplements containing folic acid alone’ 

(outcome 2). All measured independent variables were used in the full regression 

models, including age, formal employment, educational level, parity, pre-pregnancy 

BMI, and planning of pregnancy. These covariates or confounders were based on 

available information and with reference to the literature as plausible factors 

affecting folic acid supplementation (Binns et al., 2006; Kinnunen, Sletner, Sommer, 

Post, & Jenum, 2017; Nawapun & Phupong, 2007; Teixeira et al., 2018; Xing et al., 

2012; Yamamoto & Wada, 2018). Additional regression analyses were also 

conducted by removing 601 (29.7%) women who did not plan for their current 

pregnancy to assess the robustness of the analysis results; however, the new results 

were still in line with the original results based on the full sample.  
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3.8 Ethical Considerations 

The study was approved by the Human Research Ethics Committee of Curtin 

University (Approval number HR32/2015) and the Human Research Ethics 

Committee of Hai Phong University of Medicine and Pharmacy (Approval number 

05/HPUMPRB/2015) (Appendix A). Verbal and written information on the purpose 

of the study and participation rights were provided when inviting and recruiting 

pregnant women (Appendix H). Each consented woman agreed and signed in the 

written agreements (Appendix I). Women were emphasized that study participation 

was voluntary, and they could withdraw from the study whenever they wanted 

without prejudice. Study confidentiality has been ensured under the requirements of 

ethics approval.  
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Chapter 4. Results  

This chapter presents the results of this thesis for achieving the five study objectives, 

which were published in international peer-reviewed journals.  

The statement of the primary contribution of the first author and the permission of 

co-authors to include the five publications in this thesis can be found in Appendix B. 

The permission to reproduce the material from the publisher can be found in 

Appendix D.  

4.1 Results for Objective 1  

Objective 1:  

To assess the association of pre-pregnancy BMI and GWG with weight retention at 

twelve months postpartum in Vietnam. 

The results addressing Objective 1 have been published in the following paper:  

Ha, A. V. V., Zhao, Y., Pham, N. M., Nguyen, C. L., Nguyen, P. T. H., Chu, T. 

K., . . . Lee, A. H. (2019). Postpartum weight retention in relation to gestational 

weight gain and pre-pregnancy body mass index: A prospective cohort study in 

Vietnam. Obesity Research & Clinical Practice, 13(2), 143-149.  

http://dx.doi.org/https://doi.org/10.1016/j.orcp.2019.02.001  

The permission of the journal is attached in Appendix C. 
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4.2 Results for Objective 2  

Objective 2:  

To evaluate the role of physical activity during pregnancy on GWG in Vietnam. 

The results addressing Objective 2 have been published in the following paper:  

Ha, A. V. V., Zhao, Y., Pham, N. M., Nguyen, C. L., Nguyen, P. T. H., Chu, T. 

K., . . . Lee, A. H. (2019). Physical activity and sedentary behaviour during 

pregnancy are associated with gestational weight gain in Vietnamese women. Asia 

Pacific Journal of Clinical Nutrition, 29(1) 

http://dx.doi.org/10.6133/apjcn.201912/PP.0003 

The permission of the journal is attached in Appendix D. 
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4.3 Results for Objective 3 

Objective 3:  

To ascertain the role of postpartum physical activity on weight retention within 

twelve months postpartum in Vietnam.  

The results addressing Objective 3 have been published in the following paper:  

Ha, A. V. V., Zhao, Y., Binns, C. W., Pham, N. M., Nguyen, P. T. H., Nguyen, C. 

L., . . . Lee, A. H. (2020). Postpartum Physical Activity and Weight Retention within 

One Year: A Prospective Cohort Study in Vietnam. International Journal of 

Environmental Research and Public Health, 17(3), 1105. Retrieved from 

https://www.mdpi.com/1660-4601/17/3/1105 

The permission of the journal is attached in Appendix E. 
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4.4 Results for Objective 4 

Objective 4: 

To investigate the prevalence of postpartum low back pain and its relation to physical 

activity during pregnancy in Vietnam. 

The results addressing Objective 4 have been published in the following paper:  

Ha, V. V. A., Zhao, Y., Pham, M. N., Binns, C. W., Nguyen, C. L., Nguyen, P. T. 

H., … Lee, A. H. (2019). Physical Activity during Pregnancy and Postpartum Low 

Back Pain: A Prospective Cohort Study in Vietnam. Asia Pacific Journal of Public 

Health, 31(8), 701–709. https://doi.org/10.1177/1010539519890148  

The permission of the journal is attached in Appendix F. 
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4.5 Results for Objective 5 

Objective 5: 

To determine the prevalence of periconceptional folic acid supplementation in 

Vietnam and ascertain the maternal characteristics associated with folic acid use.  

The results addressing Objective 5 have been published in the following paper:  

Ha, V. V. A., Zhao, Y., Binns, W. C., Pham, M. N., Nguyen, L. C., Nguyen, T. 

P., . . . Lee, H. A. (2019). Low Prevalence of Folic Acid Supplementation during 

Pregnancy: A Multicenter Study in Vietnam. Nutrients, 11(10). 

http://dx.doi.org/10.3390/nu11102347  

The permission of the journal is attached in Appendix E. 
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Chapter 5. General Discussion and Limitations 

This thesis aimed to gain more insight into maternal weight changes (pre-pregnancy 

BMI, GWG, and postpartum weight retention), physical health (low back pain), 

physical activity from pregnancy to postpartum, and dietary supplementation in 

Vietnamese mothers within twelve months postpartum. In this chapter, the main 

findings, unusual findings, and study limitations are discussed, from a public health 

implication perspective.  

5.1 Summary of Key Findings and Discussions 

In line with its research objectives, this thesis firstly assessed the associations of pre-

pregnancy BMI, and/or gestational weight gain (GWG) with postpartum weight 

retention. Second, we studied the relationship between physical activity during 

pregnancy and GWG. Third, we investigated the relationship between postpartum 

physical activity and postpartum weight retention. Fourth, we ascertained the 

association of physical activity during pregnancy with postpartum low back pain. 

Lastly, we studied the prevalence of periconceptional folic acid supplementation and 

maternal characteristics associated with folic acid use.  

The key findings are summarised and discussed as below.  

1. Associations of pre-pregnancy BMI and GWG with postpartum weight 

retention (Objective 1)  

Overall, pre-pregnancy BMI and GWG were found as two significant factors 

influencing weight retention at twelve months postpartum. However, no interaction 

between pre-pregnancy BMI and GWG was observed in this study. Underweight 

women before pregnancy retained higher weight on average at twelve months 

postpartum than women with normal weight or overweight/obesity before pregnancy. 

This result suggests that women who are underweight before pregnancy might be 

more persuaded to ‘eat-for-two’ with a little consideration for their GWG limits. 

Women with excessive GWG (following the 2009 IOM recommendations) retained 

higher weight at twelve months postpartum on average than those with adequate 

GWG or inadequate GWG. The findings support the work of previous studies in 

other Asian countries, including Malaysia and China (Fadzil et al., 2018; X. He et al., 
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2014). It implies the importance of setting GWG limits to prevent the onset of 

obesity after childbirth in Vietnamese women.  

2. Relationship between physical activity during pregnancy and GWG 

(Objective 2) 

This thesis found that physical activity during pregnancy (i.e., high levels of 

moderate-to-vigorous intensity, household or caregiving, and occupational activities) 

was a protective factor of high GWG, and longer sitting time was associated with 

higher GWG. A theoretical risk, which too much physical activity could cause too 

little GWG, was not observed in our study and is unlikely ever a real-world risk 

(Collings et al., 2020). The findings on the relationship between prenatal physical 

activity and GWG were in line with several studies in China and the USA (Jiang et 

al., 2012; Kraschnewski et al., 2013; Xiang et al., 2019). Another study of only 

Hispanic women in the USA, however, did not observe the relationship between 

physical activity during pregnancy and GWG, except for occupational activities. This 

inconsistency may be due to the differences in study population characteristics, 

including education, age, and ethnicity. Given that sitting and household or 

caregiving are dominant in Asian women’s routine, promoting physical activity 

integrated with the supportive role of household or caregiving is an essential aspect 

of interventions on appropriate GWG in Vietnam. The result also suggests that 

developing interventions on GWG in Vietnam needs to target both the reduction of 

sitting time and the increase of other physical activity at the same time. 

3. Relationship between postpartum physical activity and weight retention 

within twelve months postpartum (Objective 3) 

This thesis revealed that both higher level of total and light-intensity physical activity 

at three months postpartum were associated with lower weight retention within 

twelve months postpartum. In accordance with our present results, a previous study 

in Malaysia also reported the significant association of postpartum physical activity 

with postpartum weight retention (Fadzil et al., 2018). During the early postpartum 

months, women seldom reported participating in sports/exercise and occupational 

activities in Vietnam (probably due to six-month maternity leave). Asian women 

typically spend less time on moderate-to-vigorous-intensity physical activity in the 
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postpartum period compared with other ethnic groups (Richardsen et al., 2016). Our 

results suggest that postpartum weight can be managed by participating in habitual 

light-intensity physical activity in the early postpartum period. The effects of 

moderate-intensity physical activity and the four physical activity domains (i.e. 

household/caregiving, transportation, occupational physical activity, and 

sports/exercise) on one-year postpartum weight retention were not observed by our 

study, unlike findings obtained from other Western countries previously (Ng et al., 

2014; Oken et al., 2007; Østbye, Peterson, Krause, Swamy, & Lovelady, 2011).  

4. Prevalence of postpartum low back pain and its association with physical 

activity during pregnancy in Vietnam (Objective 4).  

This study provides evidence that higher levels of total physical activity and various 

intensities and domains during pregnancy are associated with a lower risk of low 

back pain in the early postpartum months. Our findings are moderately consistent 

with those previously reported in general populations (Kopec et al., 2004; R. Shiri & 

Falah-Hassani, 2017). A study in Sweden indicated the positive relationship between 

having a history of heavy work before pregnancy and twelve-month postpartum low 

back pain (Ostgaard & Andersson, 1992). However, up to our best knowledge, no 

similar reports on the association of prenatal physical activity and postpartum low 

back pain have been found in Asia. Physical activity during pregnancy has been 

recommended for the prevention of adverse maternal and infant outcomes (Dipietro 

et al., 2019; Domenjoz, Kayser, & Boulvain, 2014; Kraschnewski et al., 2013). 

Prenatal physical activity may be at lower levels, compared to that prior to pregnancy 

(Coll et al., 2016). Therefore, more work will need to be done to determine the 

protective role of physical activity during pregnancy on postpartum low back pain, 

particularly in Asian populations. From an objective point of view, continued 

research should include more assessments of low back pain throughout postpartum 

months regarding its duration and severity.  

5. Prevalence of folic acid supplementation in the periconceptional period and 

maternal factors associated with folic acid use (Objective 5).  

The notably low percentage of women taking folic acid supplementation in the 

periconceptional period in this cohort of Vietnamese women is concerning. This low 
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rate was in line with those observed in other Asian studies. There was also evidence 

to suggest the less likelihood of supplement folic acid among women aged 30 years 

or over, having low educational levels, or having formal employment. Additionally, 

women whose current pregnancy was first or unplanned were less likely to take folic 

acid supplements, following the WHO recommendations. These findings accord with 

earlier observations in other Asian and Western countries. These results may have 

significant implications for a need of more campaigns on periconceptional folic acid 

supplementation in Vietnam, especially in these vulnerable subgroups of women.  

The new results obtained from the additional regression analyses, which removed 

601 (29.7%) women who did not plan for their current pregnancy, were still in line 

with the original results based on the full sample. 

5.2 Study Limitations 

This study has several limitations: 

The generalisability of the results of this thesis is subject to certain limitations. First, 

our study participants were predominantly from urban and semi-urban areas. Second, 

the study did not include pregnant women in private health facilities and general 

practitioners. Compared to those giving birth at public facilities, more women stay at 

least 3 days at private facilities for delivery (75% private versus 70.4% public) 

(General Statistics Office and UNICEF, 2015). Caesarean deliveries are more 

prevalent at private hospitals (45%) than public hospitals (32.6%) (General Statistics 

Office and UNICEF, 2015). These data suggest that different maternal characteristics 

between public and private facilities in Vietnam. However, information on 

reproductive health services provision in the private sector, including the 

characteristics of Vietnamese women using such services, is not available, probably 

owing to the low proportion of women giving birth at private health facilities (3.9%), 

in comparison with their counterparts at public health facilities (89.7%) (General 

Statistics Office and UNICEF, 2015). 

Data on physical activity and dietary intake were self-reported, although the 

instruments used had been validated for Vietnamese and information were collected 

by face-to-face interviews. Self-reported pre-pregnancy weight might also lead to a 

lack of accuracy. However, a high level of concordance between measured weight 
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and self-reported pre-pregnancy weight has been shown, particularly in examining 

their associations with several pregnancy outcomes (Bannon et al., 2017; Han, 

Abrams, Sridhar, Xu, & Hedderson, 2016).  

As part of cohort study disadvantages, the associations we observed might be 

distorted by confounding effects (Sedgwick, 2013). Although potential confounders 

with reference to the literature were adjusted in our multivariable regression 

analyses, maternal diet in the postpartum period was not included in the analyses 

because the data was not available. Furthermore, the sample size of one studied 

region was relatively small to assess regional effect. 

Furthermore, information on prenatal physical activity and dietary intake were only 

interviewed in the middle months of pregnancy. It has been unknown if the 

respondents had changed their levels of physical activity or dietary intake in the later 

months of pregnancy.  

Lastly, the brands of dietary supplements were not investigated in details in the 

analysis. However, the interviewers listed common brands during the interviews with 

participated women. We were also unable to evaluate folic acid intake from fortified 

food because fortified products are limited, and folic acid fortification policy is 

voluntary (Dijkhuizen, Wieringa, Soekarjo, Van, & Laillou, 2013). Besides, folic 

acid intake was not measured during the preconception period, making it difficult to 

address folic acid supplementation in relation to pregnancy planning.  
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Chapter 6. Conclusion and Recommendations 

6.1 Conclusion 

This thesis addresses the five objectives, as stated in Chapter 1, Section 1.3. Its 

findings contribute to the body of knowledge on maternal weight changes from 

pregnancy to one-year postpartum in Vietnamese women. In addition, its results 

support the protective role of prenatal and postnatal physical activity against the 

occurrence or likelihood of maternal health issues, including excessive gestational 

weight gain (GWG), postpartum weight retention and obesity, and low back pain. 

This thesis, furthermore, reported a low prevalence of periconceptional folic acid 

supplementation in this studied cohort and explored several maternal characteristics 

associated with the low supplementation. In summary, these findings will be 

beneficial for developing and implementing guidelines for public health 

professionals working for the mother-infant dyad in Vietnamese population with a 

potential to be extended to other Asian populations.  

6.2 Recommendations  

6.2.1  Future Practice 

In Vietnam, marriage registration is maintained by the People’s Committee at wards 

or communes where the hokhau (residential confirmation book) of either bride or 

groom is kept. The People’s Committees in wards or communes are also responsible 

for administrating communal health centres, which operate national health programs 

at ward/commune level. Therefore, women who register for marriage certificate at 

the councils, can be informed about sufficient folic acid supplementation during the 

periconceptional period. This early information may help prevent neural tube defects 

in babies. In addition, it is necessary to refer women to community health care 

centres for further recommendations or guidelines regarding better control of 

preconception weight and GWG. These referrals for services will require 

effectiveness assessments as they necessitate strong collaboration and supports from 

many stakeholders.  
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Healthcare professionals should follow the 2009 IOM guidelines and promote 

healthy GWG based on women’s pre-pregnancy BMI categories (following the 2009 

IOM recommendations) and continue to encourage folic acid supplementation in the 

periconceptional period.  

It has been revealed by the thesis that prenatal and postnatal physical activity 

subtypes can contribute to controlling maternal weight during pregnancy and in the 

postpartum period. Healthcare providers should promote the benefits of physical 

activity during pregnancy and in the postpartum period in relation to controlling 

appropriate GWG, maintaining healthy postpartum weight retention, and preventing 

the occurrence of postpartum low back pain, aiming to improve women’s awareness 

of these benefits and to encourage them maintaining physical activity during 

pregnancy and continuing in postpartum period.  

6.2.2  Future Research 

Based on the scope of this thesis and its limitations, further research is recommended 

to provide better understanding to the benefits of controlling appropriate GWG and 

postpartum weight retention, participating in physical activity, and periconceptional 

folic acid supplementation on mother and offspring health: 

• The present study investigated maternal health and weight together with their 

associated factors by following mothers from pregnancy until twelve months 

postpartum. Further cohort studies with longer follow-up periods (e.g., from 

getting married or planning pregnancy until two years) are suggested to gain a 

better understanding to the impacts of factors associated with maternal health, 

particularly those modifiable factors.  

• The present thesis only measured maternal participations in physical activity at 

three months postpartum. Future studies are recommended to repeatedly 

measure maternal participation in physical activity at different time points after 

childbirth (e.g., when returning to work) with corresponding weight retention. 

Such studies can be used to determine if maternity leave can contribute to 

changes in postpartum physical activity and then postpartum weight retention. 

• Future studies should recruit women in both rural and urban areas. It is 

important to examine if urban women differ from rural women in terms of 
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physical activity, weight gain during pregnancy, postpartum weight retention, 

and periconceptional folic acid supplementation.  

• Information on women utilising private maternal care services has been scarce 

in Vietnam; therefore, future research should strive to obtain data related to 

service utilisation and consumer behaviours in private health facilities. Studies 

that include pregnant women utilising both public and private health facilities  

would allow researchers to determine differences in maternal health outcomes 

between these two sectors. 

• Future studies that address the role of postpartum diet on maternal health are 

needed, given that maternal diet in the postpartum period has been suggested as 

one of the factors associate with energy balance. 

• Clinical measures of postpartum low back pain and psychometric assessment 

of mothers’ perception on their health problems after childbirth should be 

further undertaken to assess the association between maternal participation on 

physical activity and low back pain in the postpartum period.  

• This study indicated the protective role of physical activity during pregnancy 

on low back pain after delivery. We recommend more studies on physical 

activity in the postpartum period, which would provide insights of the time-

varying effect (during pregnancy and in the postpartum period) of physical 

activity on low back pain after delivery and assist to develop evidence-based 

interventions on improving maternal physical health in Vietnam. 

• Randomised controlled trials can demonstrate the impacts of physical activity 

during pregnancy and in the postpartum period on GWG, postpartum weight 

retention and maternal health (including low back pain).  

• It is important to continue the investigation of folic acid supplementation in the 

periconceptional period among women with different backgrounds and 

characteristics in Vietnam in order to assess the effectiveness of health 

programs promoting this supplementation and modify these programs swiftly if 

necessary.   

 

 



109 

 

 

References 

Abdullah, A. (2015). The Double Burden of Undernutrition and Overnutrition in 

Developing Countries: an Update. Current Obesity Reports, 4(3), 337-349. 

doi:10.1007/s13679-015-0170-y 

Abrams, B., Coyle, J., Cohen, A. K., Headen, I., Hubbard, A., Ritchie, L., & 

Rehkopf, D. H. (2017). Excessive Gestational Weight Gain and Subsequent 

Maternal Obesity at Age 40: A Hypothetical Intervention. American Journal 

of Public Health, 107(9), 1463-1469. doi:10.2105/AJPH.2017.303881 

Aikawa, R., Jimba, M., Nguen, K. C., & Binns, C. W. (2008). Prenatal iron 

supplementation in rural Vietnam. European Journal of Clinical Nutrition, 

62(8), 946-952. doi:10.1038/sj.ejcn.1602812 

Bailey, L. B. (2009). Folate in health and disease / edited by Lynn B. Bailey (2nd ed.. 

ed.). Boca Raton: Boca Raton : Taylor & Francis. 

Banks, E., Lim, L., Seubsman, S. A., Bain, C., & Sleigh, A. (2011). Relationship of 

obesity to physical activity, domestic activities, and sedentary behaviours: 

cross-sectional findings from a national cohort of over 70,000 Thai adults. 

BMC Public Health, 11, 762. doi:10.1186/1471-2458-11-762 

Bannon, A. L., Waring, M. E., Leung, K., Masiero, J. V., Stone, J. M., Scannell, E. 

C., & Moore Simas, T. A. (2017). Comparison of Self-reported and Measured 

Pre-pregnancy Weight: Implications for Gestational Weight Gain Counseling. 

Matern Child Health J, 21(7), 1469-1478. doi:10.1007/s10995-017-2266-3 

Beaudin, A. E., & Stover, P. J. (2007). Folate-mediated one-carbon metabolism and 

neural tube defects: balancing genome synthesis and gene expression. Birth 

Defects Res C Embryo Today, 81(3), 183-203. doi:10.1002/bdrc.20100 

Berger, J., Thanh, H. T. K., Cavalli-Sforza, T., Smitasiri, S., Khan, N. C., Milani, 

S., . . . Viteri, F. (2005). Community Mobilization and Social Marketing to 

Promote Weekly Iron-Folic Acid Supplementation in Women of 

Reproductive Age in Vietnam: Impact on Anemia and Iron Status. Nutr Rev, 

63(suppl_2), S95-S108. doi:10.1111/j.1753-4887.2005.tb00167.x 

Bergstrom, C., Persson, M., & Mogren, I. (2019). Psychosocial and behavioural 

characteristics in women with pregnancy-related lumbopelvic pain 12 years 



110 

 

 

postpartum. Chiropractic & Manual Therapies, 27(1), 34. 

doi:10.1186/s12998-019-0257-8 

Bergstrom, C., Persson, M., Nergard, K. A., & Mogren, I. (2017). Prevalence and 

predictors of persistent pelvic girdle pain 12 years postpartum. BMC 

Musculoskeletal Disorders, 18(1), 399. doi:10.1186/s12891-017-1760-5 

Binns, C., Scott, J., Graham, K., Oddy, W., Lee, A., & Nwafor, N. (2006). Which 

mothers take folic acid and folate containing foods? Asia Pacific Journal of 

Clinical Nutrition, 15(3), 335-340.  

Biswas, T., Magalhaes, R. J. S., Townsend, N., Das, S. K., & Mamun, A. (2020). 

Double Burden of Underweight and Overweight among Women in South and 

Southeast Asia: A Systematic Review and Meta-analysis. Advances in 

Nutrition, 11(1), 128-143. doi:10.1093/advances/nmz078 

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, P., de Onis, 

M., . . . Child Nutrition Study, G. (2013). Maternal and child undernutrition 

and overweight in low-income and middle-income countries. Lancet, 

382(9890), 427-451. doi:10.1016/S0140-6736(13)60937-X 

Bogaerts, A., Van den Bergh, B., Nuyts, E., Martens, E., Witters, I., & Devlieger, R. 

(2012). Socio-demographic and obstetrical correlates of pre-pregnancy body 

mass index and gestational weight gain. Clin Obes, 2(5-6), 150-159. 

doi:10.1111/cob.12004 

Bui, T. V., Blizzard, C. L., Luong, K. N., Truong Nle, V., Tran, B. Q., Otahal, P., . . . 

Gall, S. (2015). Physical Activity in Vietnam: Estimates and Measurement 

Issues. PloS One, 10(10), e0140941. doi:10.1371/journal.pone.0140941 

Buttinger, J., Jamieson, N. L., Hickey, G. C., Duiker, W. J., Turley, W. S., & 

Osborne, M. E. (2020, March 17, 2020). Vietnam. Retrieved from 

https://www.britannica.com/place/Vietnam 

Campello, M., Nordin, M., & Weiser, S. (1996). Physical exercise and low back 

pain. Scandinavian Journal of Medicine and Science in Sports, 6(2), 63-72. 

doi:10.1111/j.1600-0838.1996.tb00073.x 

Carnero, A. M., Mejia, C. R., & Garcia, P. J. (2012). Rate of gestational weight gain, 

pre-pregnancy body mass index and preterm birth subtypes: a retrospective 

cohort study from Peru. BJOG: An International Journal of Obstetrics and 

Gynaecology, 119(8), 924-935. doi:10.1111/j.1471-0528.2012.03345.x 

https://www.britannica.com/place/Vietnam


111 

 

 

Casey, G. J., Sartori, D., Horton, S. E., Phuc, T. Q., Phu, L. B., Thach, D. T., . . . 

Biggs, B.-A. (2011). Weekly Iron-Folic Acid Supplementation with Regular 

Deworming Is Cost-Effective in Preventing Anaemia in Women of 

Reproductive Age in Vietnam. PloS One, 6(9), e23723. 

doi:10.1371/journal.pone.0023723 

Casey, G. J., Tinh, T. T., Tien, N. T., Hanieh, S., Cavalli-Sforza, L. T., Montresor, 

A., & Biggs, B.-A. (2017). Sustained effectiveness of weekly iron-folic acid 

supplementation and regular deworming over 6 years in women in rural 

Vietnam. PLoS Neglected Tropical Diseases, 11(4), e0005446-e0005446. 

doi:10.1371/journal.pntd.0005446 

Castillo-Lancellotti, C., Tur, J. A., & Uauy, R. (2013). Impact of folic acid 

fortification of flour on neural tube defects: a systematic review. Public 

Health Nutrition, 16(5), 901-911. doi:10.1017/S1368980012003576 

Centers for Disease Control and Prevention. (2016). Anthropometry Procedures 

Manual. In National Health and Nutrition Examination Survey (NHANES). 

USA: CDC. 

Chasan-Taber, L., Schmidt, M. D., Roberts, D. E., Hosmer, D., Markenson, G., & 

Freedson, P. S. (2004). Development and validation of a Pregnancy Physical 

Activity Questionnaire. Medicine and Science in Sports and Exercise, 36(10), 

1750-1760. doi:10.1249/01.mss.0000142303.49306.0d 

Chasan-Taber, L., Silveira, M., Lynch, K. E., Pekow, P., Solomon, C. G., & 

Markenson, G. (2014). Physical Activity and Gestational Weight Gain in 

Hispanic Women. Obesity, 22(3), 909-918.  

Chen, C. N., Chen, H. S., & Hsu, H. C. (2020). Maternal Prepregnancy Body Mass 

Index, Gestational Weight Gain, and Risk of Adverse Perinatal Outcomes in 

Taiwan: A Population-Based Birth Cohort Study. International Journal of 

Environmental Research and Public Health, 17(4), 1221. 

doi:10.3390/ijerph17041221 

Cheng, H. R., Walker, L. O., Tseng, Y. F., & Lin, P. C. (2011). Post-partum weight 

retention in women in Asia: a systematic review. Obesity Reviews, 12(10), 

770-780. doi:10.1111/j.1467-789X.2011.00886.x 

Chien, L. Y., Tai, C. J., Hwang, F. M., & Huang, C. M. (2009). Postpartum physical 

symptoms and depressive symptomatology at 1 month and 1 year after 



112 

 

 

delivery: a longitudinal questionnaire survey. International Journal of 

Nursing Studies, 46(9), 1201-1208. doi:10.1016/j.ijnurstu.2009.02.007 

Coll, C., Domingues, M., Santos, I., Matijasevich, A., Horta, B. L., & Hallal, P. C. 

(2016). Changes in Leisure-Time Physical Activity From the Prepregnancy to 

the Postpartum Period: 2004 Pelotas (Brazil) Birth Cohort Study. Journal of 

physical activity & health, 13(4), 361-365. 

doi:http://dx.doi.org/10.1123/jpah.2015-0324 

Collings, P. J., Farrar, D., Gibson, J., West, J., Barber, S. E., & Wright, J. (2020). 

Associations of Pregnancy Physical Activity with Maternal Cardiometabolic 

Health, Neonatal Delivery Outcomes and Body Composition in a Biethnic 

Cohort of 7305 Mother-Child Pairs: The Born in Bradford Study. Sports 

Medicine, 50(3), 615-628. doi:10.1007/s40279-019-01193-8 

Cooklin, A. R., Amir, L. H., Jarman, J., Cullinane, M., Donath, S. M., & Team, C. S. 

(2015). Maternal Physical Health Symptoms in the First 8 Weeks Postpartum 

Among Primiparous Australian Women. Birth, 42(3), 254-260. 

doi:10.1111/birt.12168 

Copp, A. J., Stanier, P., & Greene, N. D. (2013). Neural tube defects: recent 

advances, unsolved questions, and controversies. Lancet Neurology, 12(8), 

799-810. doi:10.1016/S1474-4422(13)70110-8 

da Rosa, E. B., Silveira, D. B., Correia, J. D., Grapiglia, C. G., de Moraes, S. A. G., 

Nunes, M. R., . . . Rosa, R. F. M. (2019). Periconceptional folic acid 

supplementation in Southern Brazil: Why are not we doing it right? American 

Journal of Medical Genetics. Part A, 179(1), 20-28. 

doi:10.1002/ajmg.a.60699 

Department of Health. (2018). Pregnancy Care Guidelines: 11 Nutrition and 

Physical Activity. Canberra Retrieved from 

https://www.health.gov.au/resources/pregnancy-care-guidelines/part-c-

lifestyle-considerations/nutrition-and-physical-activity 

Deputy, N. P., Sharma, A. J., Kim, S. Y., & Hinkle, S. N. (2015). Prevalence and 

characteristics associated with gestational weight gain adequacy. Obstetrics 

and Gynecology, 125(4), 773-781. doi:10.1097/AOG.0000000000000739 

Di Fabio, D. R., Blomme, C. K., Smith, K. M., Welk, G. J., & Campbell, C. G. 

(2015). Adherence to physical activity guidelines in mid-pregnancy does not 

http://dx.doi.org/10.1123/jpah.2015-0324
https://www.health.gov.au/resources/pregnancy-care-guidelines/part-c-lifestyle-considerations/nutrition-and-physical-activity
https://www.health.gov.au/resources/pregnancy-care-guidelines/part-c-lifestyle-considerations/nutrition-and-physical-activity


113 

 

 

reduce sedentary time: an observational study. International Journal of 

Behavioral Nutrition and Physical Activity, 12(1), 27.  

Dijkhuizen, M. A., Wieringa, F. T., Soekarjo, D., Van, K. T., & Laillou, A. (2013). 

Legal Framework for Food Fortification: Examples from Vietnam and 

Indonesia. Food and Nutrition Bulletin, 34(2_suppl1), S112-S123. 

doi:10.1177/15648265130342S113 

Dipietro, L., Evenson, K. R., Bloodgood, B., Sprow, K., Troiano, R. P., Piercy, K. 

L., . . . Physical Activity Guidelines Advisory, C. (2019). Benefits of Physical 

Activity during Pregnancy and Postpartum: An Umbrella Review. Medicine 

and Science in Sports and Exercise, 51(6), 1292-1302. 

doi:10.1249/MSS.0000000000001941 

Dodd, J. M., Deussen, A. R., O'Brien, C. M., Schoenaker, D., Poprzeczny, A., 

Gordon, A., & Phelan, S. (2018). Targeting the postpartum period to promote 

weight loss: a systematic review and meta-analysis. Nutrition Reviews, 76(8), 

639-654. doi:10.1093/nutrit/nuy024 

Dolin, C. D., Gross, R. S., Deierlein, A. L., Berube, L. T., Katzow, M., Yaghoubian, 

Y., . . . Messito, M. J. (2020). Predictors of Gestational Weight Gain in a 

Low-Income Hispanic Population: Sociodemographic Characteristics, Health 

Behaviors, and Psychosocial Stressors. International Journal of 

Environmental Research and Public Health, 17(1). 

doi:10.3390/ijerph17010352 

Domenjoz, I., Kayser, B., & Boulvain, M. (2014). Effect of physical activity during 

pregnancy on mode of delivery. American Journal of Obstetrics and 

Gynecology, 211(4), 401.e401-401.e411.  

Du, H., Li, L., Whitlock, G., Bennett, D., Guo, Y., Bian, Z., . . . China Kadoorie 

Biobank Collaborative, G. (2014). Patterns and socio-demographic correlates 

of domain-specific physical activities and their associations with adiposity in 

the China Kadoorie Biobank study. BMC Public Health, 14(1), 826. 

doi:10.1186/1471-2458-14-826 

Dunn, G., Egger, M. J., Shaw, J. M., Yang, J., Bardsley, T., Powers, E., & Nygaard, 

I. E. (2019). Trajectories of lower back, upper back, and pelvic girdle pain 

during pregnancy and early postpartum in primiparous women. Womens 

Health (Lond), 15, 1745506519842757. doi:10.1177/1745506519842757 



114 

 

 

Enomoto, K., Aoki, S., Toma, R., Fujiwara, K., Sakamaki, K., & Hirahara, F. (2016). 

Pregnancy Outcomes Based on Pre-Pregnancy Body Mass Index in Japanese 

Women. PloS One, 11(6), e0157081. doi:10.1371/journal.pone.0157081 

Evenson, K. R., Mottola, M. F., & Artal, R. (2019). Review of Recent Physical 

Activity Guidelines During Pregnancy to Facilitate Advice by Health Care 

Providers. Obstetrical and Gynecological Survey, 74(8), 481-489. 

doi:10.1097/OGX.0000000000000693 

Evenson, K. R., Mottola, M. F., Owe, K. M., Rousham, E. K., & Brown, W. J. 

(2014). Summary of international guidelines for physical activity after 

pregnancy. Obstetrical and Gynecological Survey, 69(7), 407-414. 

doi:10.1097/OGX.0000000000000077 

Fadzil, F., Shamsuddin, K., Wan Puteh, S. E., Mohd Tamil, A., Ahmad, S., Abdul 

Hayi, N. S., . . . Ahmad Shauki, N. I. (2018). Predictors of postpartum weight 

retention among urban Malaysian mothers: A prospective cohort study. 

Obesity Research & Clinical Practice, 12(6), 493-499. 

doi:10.1016/j.orcp.2018.06.003 

Fenwick, J., Hauck, Y., Schmeid, V., Dhaliwal, S., & Butt, J. (2012). Association 

Between Mode of Birth and Self-Reported Maternal Physical and 

Psychological Health Problems at 10 Weeks Postpartum. International 

Journal of Childbirth, 2(2), 115-125. doi:10.1891/2156-5287.2.2.115 

Fogarty, S., McInerney, C., Stuart, C., & Hay, P. (2019). The side effects and mother 

or child related physical harm from massage during pregnancy and the 

postpartum period: An observational study. Complementary Therapies in 

Medicine, 42, 89-94. doi:10.1016/j.ctim.2018.11.002 

Force, U. S. P. S. T., Bibbins-Domingo, K., Grossman, D. C., Curry, S. J., Davidson, 

K. W., Epling, J. W., Jr., . . . Tseng, C. W. (2017). Folic Acid 

Supplementation for the Prevention of Neural Tube Defects: US Preventive 

Services Task Force Recommendation Statement. JAMA, 317(2), 183-189. 

doi:10.1001/jama.2016.19438 

Gaillard, R., Durmus, B., Hofman, A., Mackenbach, J. P., Steegers, E. A., & Jaddoe, 

V. W. (2013). Risk factors and outcomes of maternal obesity and excessive 

weight gain during pregnancy. Obesity (Silver Spring), 21(5), 1046-1055. 

doi:10.1002/oby.20088 



115 

 

 

Garcia-Casal, M. N., Estevez, D., & De-Regil, L. M. (2018). Multiple micronutrient 

supplements in pregnancy: Implementation considerations for integration as 

part of quality services in routine antenatal care. Objectives, results, and 

conclusions of the meeting. Maternal & Child Nutrition, 14 Suppl 5(S5), 

e12704. doi:10.1111/mcn.12704 

Garrett, G. S., & Bailey, L. B. (2018). A public health approach for preventing neural 

tube defects: folic acid fortification and beyond. Annals of the New York 

Academy of Sciences, 1414(1), 47-58. doi:10.1111/nyas.13579 

Gavard, J. A. (2017). Gestational Weight Gain and Maternal and Neonatal Outcomes 

in Underweight Pregnant Women: A Population-Based Historical Cohort 

Study. Matern Child Health J, 21(5), 1203-1210. doi:10.1007/s10995-016-

2220-9 

GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. (2016). 

Global, regional, and national incidence, prevalence, and years lived with 

disability for 310 diseases and injuries, 1990-2015: a systematic analysis for 

the Global Burden of Disease Study 2015. Lancet, 388(10053), 1545-1602. 

doi:10.1016/S0140-6736(16)31678-6 

General Statistics Office. (2015). Statistical yearbook of Vietnam 2015. Retrieved 

from Hanoi: www.gso.gov.vn 

General Statistics Office and UNICEF. (2015). Vietnam Multiple Indicator Cluster 

Survey 2014. Retrieved from Ha Noi, Vietnam: www.mics.gso.gov.vn 

Giang, H. T. N., Ulrich, S., Tran, H. T., & Bechtold-Dalla Pozza, S. (2018). 

Monitoring and interventions are needed to reduce the very high Caesarean 

section rates in Vietnam. Acta Paediatrica, 107(12), 2109-2114. 

doi:10.1111/apa.14376 

Goldstein, R. F., Abell, S. K., Ranasinha, S., Misso, M., Boyle, J. A., Black, M. 

H., . . . Teede, H. J. (2017). Association of Gestational Weight Gain With 

Maternal and Infant Outcomes: A Systematic Review and Meta-analysis. 

JAMA, 317(21), 2207-2225. doi:10.1001/jama.2017.3635 

Gomes, S., Lopes, C., & Pinto, E. (2016). Folate and folic acid in the 

periconceptional period: recommendations from official health organizations 

in thirty-six countries worldwide and WHO. Public Health Nutrition, 19(1), 

176-189. doi:10.1017/S1368980015000555 



116 

 

 

Gonzalez-Casanova, I., Nguyen, P. H., Young, M. F., Harding, K. B., Reinhart, G., 

Nguyen, H., . . . Ramakrishnan, U. (2017). Predictors of adherence to 

micronutrient supplementation before and during pregnancy in Vietnam. 

BMC Public Health, 17(1), 452. doi:10.1186/s12889-017-4379-4 

Guan, P., Tang, F., Sun, G., & Ren, W. (2019). Effect of maternal weight gain 

according to the Institute of Medicine recommendations on pregnancy 

outcomes in a Chinese population. Journal of International Medical 

Research, 47(9), 4397-4412. doi:10.1177/0300060519861463 

Gutke, A., Boissonnault, J., Brook, G., & Stuge, B. (2018). The Severity and Impact 

of Pelvic Girdle Pain and Low-Back Pain in Pregnancy: A Multinational 

Study. J Womens Health (Larchmt), 27(4), 510-517. 

doi:10.1089/jwh.2017.6342 

Han, E., Abrams, B., Sridhar, S., Xu, F., & Hedderson, M. (2016). Validity of Self-

Reported Pre-Pregnancy Weight and Body Mass Index Classification in an 

Integrated Health Care Delivery System. Paediatric and Perinatal 

Epidemiology, 30(4), 314-319. doi:10.1111/ppe.12286 

Hashmi, A. H., Paw, M. K., Nosten, S., Darakamon, M. C., Gilder, M. E., 

Charunwatthana, P., . . . McGready, R. (2018). 'Because the baby asks for it': 

a mixed-methods study on local perceptions toward nutrition during 

pregnancy among marginalised migrant women along the Myanmar-Thailand 

border. Glob Health Action, 11(1), 1473104. 

doi:10.1080/16549716.2018.1473104 

He, S., Allen, J. C., Razali, N. S., Win, N. M., Zhang, J. J., Ng, M. J., . . . Tan, K. H. 

(2019). Are women in Singapore gaining weight appropriately during 

pregnancy: a prospective cohort study. BMC Pregnancy and Childbirth, 

19(1), 290. doi:10.1186/s12884-019-2443-z 

He, X., Hu, C., Chen, L., Wang, Q., & Qin, F. (2014). The association between 

gestational weight gain and substantial weight retention 1-year postpartum. 

Archives of Gynecology and Obstetrics, 290(3), 493-499. 

doi:10.1007/s00404-014-3235-3 

Hirst, J. E., Tran, T. S., Do, M. A., Rowena, F., Morris, J. M., & Jeffery, H. E. 

(2012). Women with gestational diabetes in Vietnam: a qualitative study to 



117 

 

 

determine attitudes and health behaviours. BMC Pregnancy and Childbirth, 

12(1), 81. doi:10.1186/1471-2393-12-81 

Ho-Pham, L. T., Lai, T. Q., Mai, L. D., Doan, M. C., Pham, H. N., & Nguyen, T. V. 

(2015). Prevalence and Pattern of Radiographic Intervertebral Disc 

Degeneration in Vietnamese: A Population-Based Study. Calcified Tissue 

International, 96(6), 510-517. doi:10.1007/s00223-015-9986-4 

Huang, A., Ji, Z., Zhao, W., Hu, H., Yang, Q., & Chen, D. (2016). Rate of 

gestational weight gain and preterm birth in relation to prepregnancy body 

mass indices and trimester: a follow-up study in China. Reprod Health, 13(1), 

93. doi:10.1186/s12978-016-0204-2 

Hurwitz, E. L., Randhawa, K., Yu, H., Cote, P., & Haldeman, S. (2018). The Global 

Spine Care Initiative: a summary of the global burden of low back and neck 

pain studies. European Spine Journal, 27(Suppl 6), 796-801. 

doi:10.1007/s00586-017-5432-9 

Ifergan, I., & Assaraf, Y. G. (2008). Chapter 4 Molecular Mechanisms of Adaptation 

to Folate Deficiency. In Folic Acid and Folates (Vol. 79, pp. 99-143): 

Academic Press. 

Institute of Medicine, & National Research Council Committee to Reexamine IOM 

Pregnancy Weight Guidelines. (2009). In K. M. Rasmussen & A. L. Yaktine 

(Eds.), Weight Gain During Pregnancy: Reexamining the Guidelines. 

Washington (DC): National Academies Press (US). 

Institute of Medicine Committee on Nutritional Status During, P., & Lactation. 

(1990). In Nutrition During Pregnancy: Part I Weight Gain: Part II Nutrient 

Supplements. Washington (DC): National Academies Press (US). 

Jebeile, H., Mijatovic, J., Louie, J. C. Y., Prvan, T., & Brand-Miller, J. C. (2016). A 

systematic review and metaanalysis of energy intake and weight gain in 

pregnancy. American Journal of Obstetrics and Gynecology, 214(4), 465-

483. doi:10.1016/j.ajog.2015.12.049 

Jiang, H., Qian, X., Li, M., Lynn, H., Fan, Y., Jiang, H., . . . He, G. (2012). Can 

physical activity reduce excessive gestational weight gain? Findings from a 

Chinese urban pregnant women cohort study. International Journal of 

Behavioral Nutrition and Physical Activity, 9(1), 12.  



118 

 

 

Ketterl, T. G., Dundas, N. J., Roncaioli, S. A., Littman, A. J., & Phipps, A. I. (2018). 

Association of Pre-pregnancy BMI and Postpartum Weight Retention Before 

Second Pregnancy, Washington State, 2003-2013. Matern Child Health J, 

22(9), 1339-1344. doi:10.1007/s10995-018-2514-1 

Khan, N. C., Thanh, H. T. K., Berger, J., Hoa, P. T., Quang, N. D., Smitasiri, S., & 

Cavalli-Sforza, T. (2005). Community Mobilization and Social Marketing to 

Promote Weekly Iron-Folic Acid Supplementation: a New Approach toward 

Controlling Anemia among Women of Reproductive Age in Vietnam. 

Nutrition Reviews, 63(suppl_2), S87-S94. doi:10.1111/j.1753-

4887.2005.tb00166.x 

Kinnunen, T. I., Richardsen, K. R., Sletner, L., Torgersen, L., Sommer, C., Waage, 

C. W., . . . Jenum, A. K. (2019). Ethnic differences in body mass index 

trajectories from 18 years to postpartum in a population-based cohort of 

pregnant women in Norway. BMJ open, 9(2), e022640. 

doi:10.1136/bmjopen-2018-022640 

Kinnunen, T. I., Sletner, L., Sommer, C., Post, M. C., & Jenum, A. K. (2017). Ethnic 

differences in folic acid supplement use in a population-based cohort of 

pregnant women in Norway. BMC Pregnancy and Childbirth, 17(1), 143. 

doi:10.1186/s12884-017-1292-x 

Knodel, J., Loi, V. M., Jayakody, R., & Huy, V. T. (2005). Gender Roles in the 

Family. Asian Population Studies, 1(1), 69-92. 

doi:10.1080/17441730500125888 

Ko, Y. L., & Lee, H. J. (2014). Randomised controlled trial of the effectiveness of 

using back massage to improve sleep quality among Taiwanese insomnia 

postpartumwomen. Midwifery, 30(1), 60-64. doi:10.1016/j.midw.2012.11.005 

Koh, H., Ee, T. X., Malhotra, R., Allen, J. C., Tan, T. C., & Ostbye, T. (2013). 

Predictors and adverse outcomes of inadequate or excessive gestational 

weight gain in an Asian population. Journal of Obstetrics and Gynaecology 

Research, 39(5), 905-913. doi:10.1111/j.1447-0756.2012.02067.x 

Kopec, A. J., Sayre, C. E., & Esdaile, M. J. (2004). Predictors of Back Pain in a 

General Population Cohort. Spine, 29(1), 70-77. 

doi:10.1097/01.BRS.0000103942.81227.7F 



119 

 

 

Kraschnewski, J. L., Chuang, C. H., Downs, D. S., Weisman, C. S., McCamant, E. 

L., Baptiste-Roberts, K., . . . Kjerulff, K. H. (2013). Association of prenatal 

physical activity and gestational weight gain: results from the first baby 

study. Women's Health Issues, 23(4), e233-238. 

doi:10.1016/j.whi.2013.04.004 

Leonard, S. A., Rasmussen, K. M., King, J. C., & Abrams, B. (2017). Trajectories of 

maternal weight from before pregnancy through postpartum and associations 

with childhood obesity. American Journal of Clinical Nutrition, 106(5), 

1295-1301. doi:10.3945/ajcn.117.158683 

Levine, J. A., Vander Weg, M. W., Hill, J. O., & Klesges, R. C. (2006). Non-exercise 

activity thermogenesis: the crouching tiger hidden dragon of societal weight 

gain. Arteriosclerosis, Thrombosis, and Vascular Biology, 26(4), 729-736. 

doi:10.1161/01.ATV.0000205848.83210.73 

Li, N., Liu, E., Guo, J., Pan, L., Li, B., Wang, P., . . . Hu, G. (2013). Maternal 

prepregnancy body mass index and gestational weight gain on pregnancy 

outcomes. PloS One, 8(12), e82310. doi:10.1371/journal.pone.0082310 

Li, Y. P., Cui, X., Liu, S. C., Zhang, S. H., & Zhao, Y. H. (2018). Neuromuscular 

electrical stimulation for treating postpartum low back pain. Medicine 

(Baltimore), 97(28), e11426. doi:10.1097/MD.0000000000011426 

Linne, Y., Dye, L., Barkeling, B., & Rossner, S. (2004). Long-term weight 

development in women: a 15-year follow-up of the effects of pregnancy. 

Obesity Research, 12(7), 1166-1178. doi:10.1038/oby.2004.146 

Liu, S., Joseph, K. S., Luo, W., Leon, J. A., Lisonkova, S., Van den Hof, M., . . . 

Canadian Perinatal Surveillance, S. (2016). Effect of Folic Acid Food 

Fortification in Canada on Congenital Heart Disease Subtypes. Circulation, 

134(9), 647-655. doi:10.1161/CIRCULATIONAHA.116.022126 

Looman, M., van den Berg, C., Geelen, A., Samlal, R. A. K., Heijligenberg, R., 

Klein Gunnewiek, J. M. T., . . . Brouwer-Brolsma, E. M. (2018). Supplement 

Use and Dietary Sources of Folate, Vitamin D, and n-3 Fatty Acids during 

Preconception: The GLIMP2 Study. Nutrients, 10(8). 

doi:10.3390/nu10080962 

Lopez-Jaramillo, P., Barajas, J., Rueda-Quijano, S. M., Lopez-Lopez, C., & Felix, C. 

(2018). Obesity and Preeclampsia: Common Pathophysiological 



120 

 

 

Mechanisms. Frontiers in Physiology, 9, 1838-1838. 

doi:10.3389/fphys.2018.01838 

Lowe, S. A., Bowyer, L., Lust, K., McMahon, L., Morton, M., North, R. A., . . . Said, 

J. (2014). Guidelines for the Management of Hypertensive Disorders of 

Pregnancy 2014. Retrieved from 

https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-

MEDIA/Women%27s%20Health/SOMANZ-Hypertension-Pregnancy-

Guideline-April-2014.pdf?ext=.pdf 

Mannion, C. A., Vinturache, A. E., McDonald, S. W., & Tough, S. C. (2015). The 

Influence of Back Pain and Urinary Incontinence on Daily Tasks of Mothers 

at 12 Months Postpartum. PloS One, 10(6), e0129615. 

doi:10.1371/journal.pone.0129615 

Mao, B., Qiu, J., Zhao, N., Shao, Y., Dai, W., He, X., . . . Zhang, Y. (2017). Maternal 

folic acid supplementation and dietary folate intake and congenital heart 

defects. PloS One, 12(11), e0187996. doi:10.1371/journal.pone.0187996 

McArdle, W. D. a. (2015). Exercise physiology : nutrition, energy, and human 

performance / William D. McArdle, Frank I. Katch, Victor L. Katch (Eighth 

edition.. ed.): Philadelphia Wolters Kluwer Health/Lippincott Williams & 

Wilkins. 

McKeating, A., Farren, M., Cawley, S., Daly, N., McCartney, D., & Turner, M. J. 

(2015). Maternal folic acid supplementation trends 2009-2013. Acta 

Obstetricia et Gynecologica Scandinavica, 94(7), 727-733. 

doi:10.1111/aogs.12656 

Ministry of Health. (2003). Improving Folate Intake in New Zealand: Policy 

implications. Wellington, New Zealand: Ministry of Health Retrieved from 

http://www.moh.govt.nz/phi 

Ministry of Health. (2016). National Survey on the Risk Factors of Non-

Communicable Diseases (STEPS) Vietnam, 2015. Retrieved from Hanoi: 

https://www.who.int/ncds/surveillance/steps/VietNam_2015_STEPS_Report.

pdf 

Mogren, I. M. (2008). Physical activity and persistent low back pain and pelvic pain 

post partum. BMC Public Health, 8(1), 417. doi:10.1186/1471-2458-8-417 

https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/SOMANZ-Hypertension-Pregnancy-Guideline-April-2014.pdf?ext=.pdf
https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/SOMANZ-Hypertension-Pregnancy-Guideline-April-2014.pdf?ext=.pdf
https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-MEDIA/Women%27s%20Health/SOMANZ-Hypertension-Pregnancy-Guideline-April-2014.pdf?ext=.pdf
http://www.moh.govt.nz/phi
https://www.who.int/ncds/surveillance/steps/VietNam_2015_STEPS_Report.pdf
https://www.who.int/ncds/surveillance/steps/VietNam_2015_STEPS_Report.pdf


121 

 

 

MRC Vitamin Study Research Group. (1991). Prevention of neural tube defects: 

Results of the Medical Research Council Vitamin Study. The Lancet, 

338(8760), 131-137. doi:10.1016/0140-6736(91)90133-a 

National Health and Medical Research Council. (2014). Folate. Canberra: Ministry 

of Health Retrieved from https://www.nrv.gov.au/nutrients/folate 

National Health Services (NHS). (2019). Folic acid. the U.K. Retrieved from 

https://www.nice.org.uk/bnf-uk-only 

Nawapun, K., & Phupong, V. (2007). Awareness of the benefits of folic acid and 

prevalence of the use of folic acid supplements to prevent neural tube defects 

among Thai women. Archives of Gynecology and Obstetrics, 276(1), 53-57. 

doi:10.1007/s00404-006-0305-1 

Ng, S. K., Cameron, C. M., Hills, A. P., McClure, R. J., & Scuffham, P. A. (2014). 

Socioeconomic disparities in prepregnancy BMI and impact on maternal and 

neonatal outcomes and postpartum weight retention: the EFHL longitudinal 

birth cohort study. BMC Pregnancy and Childbirth, 14(1), 314. 

doi:10.1186/1471-2393-14-314 

Nguyen, C. L., Nguyen, P. T. H., Chu, T. K., Ha, A. V. V., Pham, N. M., Duong, D. 

V., . . . Lee, A. H. (2017). Cohort profile: maternal lifestyle and diet in 

relation to pregnancy, postpartum and infant health outcomes in Vietnam: A 

multicentre prospective cohort study. BMJ open, 7(9), e016794. 

doi:10.1136/bmjopen-2017-016794 

Nguyen, C. L., Pham, N. M., Lee, A. H., Nguyen, P. T. H., Chu, T. K., Ha, A. V. 

V., . . . Binns, C. W. (2018). Physical activity during pregnancy is associated 

with a lower prevalence of gestational diabetes mellitus in Vietnam. Acta 

Diabetologica, 55(9), 955-962. doi:10.1007/s00592-018-1174-3 

Nilsson-Wikmar, L., Pilo, C., Pahlback, M., & Harms-Ringdahl, K. (2003). 

Perceived pain and self-estimated activity limitations in women with back 

pain post-partum. Physiotherapy Research International, 8(1), 23-35. 

doi:10.1002/pri.269 

Öhlin, A., & Rössner, S. (1994). Trends in eating patterns, physical activity and 

socio-demographic factors in relation to postpartum body weight 

development. British Journal of Nutrition, 71(4), 457-470. 

doi:10.1079/BJN19940155 

https://www.nrv.gov.au/nutrients/folate
https://www.nice.org.uk/bnf-uk-only


122 

 

 

Oken, E., Taveras, E. M., Popoola, F. A., Rich-Edwards, J. W., & Gillman, M. W. 

(2007). Television, walking, and diet: associations with postpartum weight 

retention. American Journal of Preventive Medicine, 32(4), 305-311. 

doi:10.1016/j.amepre.2006.11.012 

Østbye, T., Peterson, B. L., Krause, K. M., Swamy, G. K., & Lovelady, C. A. (2011). 

Predictors of Postpartum Weight Change Among Overweight and Obese 

Women: Results from the Active Mothers Postpartum Study. Journal of 

Women's Health, 21(2), 215-222. doi:10.1089/jwh.2011.2947 

Ostgaard, C. H., & Andersson, B. J. G. (1992). Postpartum Low-Back Pain. Spine, 

17(1), 53-55. doi:10.1097/00007632-199201000-00008 

Ota, E., Haruna, M., Suzuki, M., Anh, D. D., Tho le, H., Tam, N. T., . . . Yanai, H. 

(2011). Maternal body mass index and gestational weight gain and their 

association with perinatal outcomes in Viet Nam. Bulletin of the World 

Health Organization, 89(2), 127-136. doi:10.2471/BLT.10.077982 

Ota, E., Haruna, M., Yanai, H., Suzuki, M., Anh, D. D., Matsuzaki, M., . . . 

Murashima, S. (2008). Reliability and validity of the Vietnamese version of 

the Pregnancy Physical Activity Questionnaire (PPAQ). Southeast Asian 

Journal of Tropical Medicine and Public Health, 39(3), 562-570. Retrieved 

from https://www.ncbi.nlm.nih.gov/pubmed/18564699 

People's committee of Dong Anh District. (2013). General information on Dong Anh 

District. Retrieved from https://donganh.hanoi.gov.vn/thong-tin-chung/-

/news/NYj802SetZIa/1/2704.html 

People's committee of Vinh Bao District. (2008). General information on Vinh Bao 

District. Retrieved from 

http://www.haiphong.gov.vn/Portal/Detail.aspx?Organization=HVB&MenuI

D=1667&ContentID=4759 

Pinto, E., Barros, H., & dos Santos Silva, I. (2009). Dietary intake and nutritional 

adequacy prior to conception and during pregnancy: a follow-up study in the 

north of Portugal. Public Health Nutrition, 12(7), 922-931. 

doi:10.1017/S1368980008003595 

Pontzer, H., Durazo-Arvizu, R., Dugas, L. R., Plange-Rhule, J., Bovet, P., Forrester, 

T. E., . . . Luke, A. (2016). Constrained Total Energy Expenditure and 

https://www.ncbi.nlm.nih.gov/pubmed/18564699
https://donganh.hanoi.gov.vn/thong-tin-chung/-/news/NYj802SetZIa/1/2704.html
https://donganh.hanoi.gov.vn/thong-tin-chung/-/news/NYj802SetZIa/1/2704.html
http://www.haiphong.gov.vn/Portal/Detail.aspx?Organization=HVB&MenuID=1667&ContentID=4759
http://www.haiphong.gov.vn/Portal/Detail.aspx?Organization=HVB&MenuID=1667&ContentID=4759


123 

 

 

Metabolic Adaptation to Physical Activity in Adult Humans. Current 

Biology, 26(3), 410-417. doi:10.1016/j.cub.2015.12.046 

Popkin, B. M., Corvalan, C., & Grummer-Strawn, L. M. (2020). Dynamics of the 

double burden of malnutrition and the changing nutrition reality. Lancet, 

395(10217), 65-74. doi:10.1016/S0140-6736(19)32497-3 

Ramakrishnan, U., Nguyen, P. H., Gonzalez-Casanova, I., Pham, H., Hao, W., 

Nguyen, H., . . . Martorell, R. (2016). Neither Preconceptional Weekly 

Multiple Micronutrient nor Iron-Folic Acid Supplements Affect Birth Size 

and Gestational Age Compared with a Folic Acid Supplement Alone in Rural 

Vietnamese Women: A Randomized Controlled Trial. Journal of Nutrition, 

146(7), 1445S-1452S. doi:10.3945/jn.115.223420 

Renehan, A. G., Tyson, M., Egger, M., Heller, R. F., & Zwahlen, M. (2008). Body-

mass index and incidence of cancer: a systematic review and meta-analysis of 

prospective observational studies. Lancet, 371(9612), 569-578. 

doi:10.1016/S0140-6736(08)60269-X 

Restall, A., Taylor, R. S., Thompson, J. M., Flower, D., Dekker, G. A., Kenny, L. 

C., . . . McCowan, L. M. (2014). Risk factors for excessive gestational weight 

gain in a healthy, nulliparous cohort. Journal of Obesity, 2014(2014), 

148391. doi:10.1155/2014/148391 

Reynolds, C. M. E., Egan, B., O'Malley, E. G., McMahon, L., Sheehan, S. R., & 

Turner, M. J. (2020). Longitudinal Study of Maternal BMI in Successive 

Pregnancies. Obesity (Silver Spring), 28(2), 460-467. doi:10.1002/oby.22707 

Richardsen, K. R., Mdala, I., Berntsen, S., Ommundsen, Y., Martinsen, E. W., 

Sletner, L., & Jenum, A. K. (2016). Objectively recorded physical activity in 

pregnancy and postpartum in a multi-ethnic cohort: association with access to 

recreational areas in the neighbourhood. The International Journal of 

Behavioral Nutrition and Physical Activity, 13, 78-78. doi:10.1186/s12966-

016-0401-y 

Rong, K., Yu, K., Han, X., Szeto, I. M., Qin, X., Wang, J., . . . Ma, D. (2015). Pre-

pregnancy BMI, gestational weight gain and postpartum weight retention: a 

meta-analysis of observational studies. Public Health Nutrition, 18(12), 2172-

2182. doi:10.1017/S1368980014002523 



124 

 

 

Salzberg, L. (2012). The physiology of low back pain. Primary Care: Clinics in 

Office Practice, 39(3), 487-498. doi:10.1016/j.pop.2012.06.014 

Sananpanichkul, P., & Rujirabanjerd, S. (2015). Association between Maternal Body 

Mass Index and Weight Gain with Low Birth Weight in Eastern Thailand. 

Southeast Asian Journal of Tropical Medicine and Public Health, 46(6), 

1085-1091. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/26867367 

Santos, S., Voerman, E., Amiano, P., Barros, H., Beilin, L. J., Bergstrom, A., . . . 

Jaddoe, V. (2019). Impact of maternal body mass index and gestational 

weight gain on pregnancy complications: an individual participant data meta-

analysis of European, North American and Australian cohorts. BJOG: An 

International Journal of Obstetrics and Gynaecology, 126(8), 984-995. 

doi:10.1111/1471-0528.15661 

Savitz, D. A., Stein, C. R., Siega-Riz, A. M., & Herring, A. H. (2011). Gestational 

weight gain and birth outcome in relation to prepregnancy body mass index 

and ethnicity. Annals of Epidemiology, 21(2), 78-85. 

doi:10.1016/j.annepidem.2010.06.009 

Sedgwick, P. (2013). STATISTICAL QUESTION Prospective cohort studies: 

advantages and disadvantages. Bmj-British Medical Journal, 347, f6726. 

doi:10.1136/bmj.f6726 

Sha, T., Cheng, G., Li, C., Gao, X., Li, L., Chen, C., & Yan, Y. (2019). Patterns of 

Women’s Postpartum Weight Retention and Its Associations with Maternal 

Obesity-Related Factors and Parity. International Journal of Environmental 

Research and Public Health, 16(22), 4510. Retrieved from 

https://www.mdpi.com/1660-4601/16/22/4510 

Shao, H. H., Hwang, L. C., Huang, J. P., & Hsu, H. Y. (2018). Postpartum Weight 

Retention Risk Factors in a Taiwanese Cohort Study. Obes Facts, 11(1), 37-

45. doi:10.1159/000484934 

Shiri, R., & Falah-Hassani, K. (2017). Does leisure time physical activity protect 

against low back pain? Systematic review and meta-analysis of 36 

prospective cohort studies. British Journal of Sports Medicine, 51(19), 1410-

1418. doi:10.1136/bjsports-2016-097352 

Shiri, R., Karppinen, J., Leino-Arjas, P., auml, ivi, Solovieva, S., & Viikari-Juntura, 

E. (2009). The Association Between Obesity and Low Back Pain: A Meta-

https://www.ncbi.nlm.nih.gov/pubmed/26867367
https://www.mdpi.com/1660-4601/16/22/4510


125 

 

 

Analysis. American Journal of Epidemiology, 171(2), 135-154. 

doi:10.1093/aje/kwp356 

Siega-Riz, A. M., Herring, A. H., Carrier, K., Evenson, K. R., Dole, N., & Deierlein, 

A. (2010). Sociodemographic, perinatal, behavioral, and psychosocial 

predictors of weight retention at 3 and 12 months postpartum. Obesity (Silver 

Spring), 18(10), 1996-2003. doi:10.1038/oby.2009.458 

Soria-Contreras, D. C., Trejo-Valdivia, B., Cantoral, A., Pizano-Zarate, M. L., 

Baccarelli, A. A., Just, A. C., . . . Lopez-Ridaura, R. (2020). Patterns of 

Weight Change One Year after Delivery Are Associated with 

Cardiometabolic Risk Factors at Six Years Postpartum in Mexican Women. 

Nutrients, 12(1). doi:10.3390/nu12010170 

StataCorp. (2017). Stata Statistical Software: Release 15. TX: StataCorp LLC.  

Stomp-van den Berg, S. G., Hendriksen, I. J., Bruinvels, D. J., Twisk, J. W., van 

Mechelen, W., & van Poppel, M. N. (2012). Predictors for postpartum pelvic 

girdle pain in working women: the Mom@Work cohort study. Pain, 153(12), 

2370-2379. doi:10.1016/j.pain.2012.08.003 

Su, W. J., Chen, Y. L., Huang, P. Y., Shi, X. L., Yan, F. F., Chen, Z., . . . Li, X. J. 

(2019). Effects of Prepregnancy Body Mass Index, Weight Gain, and 

Gestational Diabetes Mellitus on Pregnancy Outcomes: A Population-Based 

Study in Xiamen, China, 2011-2018. Annals of Nutrition and Metabolism, 

75(1), 31-38. doi:10.1159/000501710 

Swinburn, B. A., Kraak, V. I., Allender, S., Atkins, V. J., Baker, P. I., Bogard, J. 

R., . . . Dietz, W. H. (2019). The Global Syndemic of Obesity, 

Undernutrition, and Climate Change: The Lancet Commission report. The 

Lancet, 393(10173), 791-846. doi:10.1016/s0140-6736(18)32822-8 

Tan, J., Ren, Y., Qi, Y., Chen, P., Tang, L., He, G., . . . Liu, X. (2018). The pattern of 

gestational weight gains among Chinese women: a repeated measure analysis. 

Scientific Reports, 8(1), 15865. doi:10.1038/s41598-018-34227-8 

Tanaka, T., Ashihara, K., Nakamura, M., Kanda, T., Fujita, D., Yamashita, Y., . . . 

Ohmichi, M. (2014). Associations between the pre-pregnancy body mass 

index and gestational weight gain with pregnancy outcomes in Japanese 

women. Journal of Obstetrics and Gynaecology Research, 40(5), 1296-1303. 

doi:10.1111/jog.12353 



126 

 

 

Teixeira, J. A., Castro, T. G., Wall, C. R., Marchioni, D. M., Berry, S., Morton, S. 

M., & Grant, C. C. (2018). Determinants of folic acid supplement use outside 

national recommendations for pregnant women: results from the Growing Up 

in New Zealand cohort study. Public Health Nutrition, 21(12), 2183-2192. 

doi:10.1017/S1368980018000836 

The World Bank. (2019a, 15/5/2020). Fertility rate, total (births per woman) - 

Vietnam. Retrieved from 

https://data.worldbank.org/indicator/SP.DYN.TFRT.IN?end=2017&locations

=VN&start=2007 

The World Bank. (2019b). Vietnam. Retrieved from 

https://data.worldbank.org/country/vietnam 

Thompson, J. F., Roberts, C. L., Currie, M., & Ellwood, D. A. (2002). Prevalence 

and persistence of health problems after childbirth: associations with parity 

and method of birth. Birth, 29(2), 83-94. doi:10.1046/j.1523-

536x.2002.00167.x 

Tran, T. S., Hirst, J. E., Do, M. A., Morris, J. M., & Jeffery, H. E. (2013). Early 

prediction of gestational diabetes mellitus in Vietnam: clinical impact of 

currently recommended diagnostic criteria. Diabetes Care, 36(3), 618-624. 

doi:10.2337/dc12-1418 

Van Dinh, T., Van Dong, H., Nguyen, T. C., & Lee, A. H. (2013). Validity and 

Reliability of a Food Frequency Questionnaire to Assess Habitual Dietary 

Intake in Northern Vietnam. Vietnam Journal of Public Health, 1(1), 55-64.  

Verd, S., de Sotto, D., Fernandez, C., & Gutierrez, A. (2016). The Effects of Mild 

Gestational Hyperglycemia on Exclusive Breastfeeding Cessation. Nutrients, 

8(11), 742. doi:10.3390/nu8110742 

Viet Nam General Statistics Office. (2015). Socio-economic characteristics in Ho 

Chi Minh City in 2015. Retrieved from 

http://gso.gov.vn/default.aspx?tabid=382&ItemID=15511 

Vietnam Ministry of Health. (2014). Regulations on Supplemented Food 

Administration. (43/2014/TT-BYT). Hanoi: Ministry of Health Retrieved 

from 

http://www.moj.gov.vn/vbpq/lists/vn%20bn%20php%20lut/view_detail.aspx

?itemid=29969 

https://data.worldbank.org/indicator/SP.DYN.TFRT.IN?end=2017&locations=VN&start=2007
https://data.worldbank.org/indicator/SP.DYN.TFRT.IN?end=2017&locations=VN&start=2007
https://data.worldbank.org/country/vietnam
http://gso.gov.vn/default.aspx?tabid=382&ItemID=15511
http://www.moj.gov.vn/vbpq/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=29969
http://www.moj.gov.vn/vbpq/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=29969


127 

 

 

Vietnam Ministry of Health. (2017). National Guideline on Nutrition for Pregnant 

and Lactating Women. (776/QD-BYT). Hanoi Retrieved from 

http://suckhoesinhsan.medinet.gov.vn/huong-dan/tai-lieu-huong-dan-quoc-

gia-dinh-duong-cho-phu-nu-co-thai-ba-me-cho-con-bu-c13421-4130.aspx 

Villablanca, P. A., Alegria, J. R., Mookadam, F., Holmes, D. R., Jr., Wright, R. S., & 

Levine, J. A. (2015). Nonexercise activity thermogenesis in obesity 

management. Mayo Clinic Proceedings, 90(4), 509-519. 

doi:10.1016/j.mayocp.2015.02.001 

Vinter, C. A. (2012). Gestational Weight Gain. In P. G. Ovesen & D. Møller Jensen 

(Eds.), Maternal Obesity and Pregnancy (pp. 119-131). Berlin, Heidelberg: 

Springer Berlin Heidelberg. 

Waage, C. W., Falk, R. S., Sommer, C., Morkrid, K., Richardsen, K. R., Baerug, 

A., . . . Jenum, A. K. (2016). Ethnic differences in postpartum weight 

retention: a Norwegian cohort study. BJOG: An International Journal of 

Obstetrics and Gynaecology, 123(5), 699-708. doi:10.1111/1471-0528.13321 

Wang, J., Wen, D., Liu, X., & Liu, Y. (2019). Impact of exercise on maternal 

gestational weight gain: An updated meta-analysis of randomized controlled 

trials. Medicine (Baltimore), 98(27), e16199. 

doi:10.1097/MD.0000000000016199 

WHO. (2006). Newborns with low birth weight. In. Geneva: WHO. 

WHO. (2016). The Double Burden of Malnutrition: Policy Brief 

WHO/NMH/NHD/17.3. Retrieved from 

https://apps.who.int/iris/bitstream/handle/10665/255413/WHO-NMH-NHD-

17.3-eng.pdf?ua=1 

WHO. (2018, 19/2/2018). Preterm birth. Retrieved from https://www.who.int/news-

room/fact-sheets/detail/preterm-birth 

WHO. (2019a). Low birth weight: Data by country. In Global Health Observatory 

data repository. Geneva: WHO. 

WHO. (2019b). Periconceptional folic acid supplementation to preven neural tube 

defects. In. Geneva: e-Library of Evidence for Nutrition Actions (eLENA). 

WHO Expert Consultation. (2004). Appropriate body-mass index for Asian 

populations and its implications for policy and intervention strategies. Lancet, 

363(9403), 157-163. doi:10.1016/S0140-6736(03)15268-3 

http://suckhoesinhsan.medinet.gov.vn/huong-dan/tai-lieu-huong-dan-quoc-gia-dinh-duong-cho-phu-nu-co-thai-ba-me-cho-con-bu-c13421-4130.aspx
http://suckhoesinhsan.medinet.gov.vn/huong-dan/tai-lieu-huong-dan-quoc-gia-dinh-duong-cho-phu-nu-co-thai-ba-me-cho-con-bu-c13421-4130.aspx
https://apps.who.int/iris/bitstream/handle/10665/255413/WHO-NMH-NHD-17.3-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/255413/WHO-NMH-NHD-17.3-eng.pdf?ua=1
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth


128 

 

 

WHO Reproductive Health Library. (2016, 10 April 2020). WHO recommendation 

on counselling on healthy eating and physical activity during pregnancy. 

November 2016. Retrieved from 

https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-

postpartum-care/antenatal-care/who-recommendation-counselling-healthy-

eating-and-physical-activity-during-pregnancy 

Widen, E. M., Whyatt, R. M., Hoepner, L. A., Ramirez-Carvey, J., Oberfield, S. E., 

Hassoun, A., . . . Rundle, A. G. (2015). Excessive gestational weight gain is 

associated with long-term body fat and weight retention at 7 y postpartum in 

African American and Dominican mothers with underweight, normal, and 

overweight prepregnancy BMI. American Journal of Clinical Nutrition, 

102(6), 1460-1467. doi:10.3945/ajcn.115.116939 

Wie, J. H., Park, I. Y., Namkung, J., Seo, H. W., Jeong, M. J., & Kwon, J. Y. (2017). 

Is it appropriate for Korean women to adopt the 2009 Institute of Medicine 

recommendations for gestational weight gain? PloS One, 12(7), e0181164. 

doi:10.1371/journal.pone.0181164 

Woolhouse, H., Perlen, S., Gartland, D., & Brown, S. J. (2012). Physical health and 

recovery in the first 18 months postpartum: does cesarean section reduce 

long-term morbidity? Birth, 39(3), 221-229. doi:10.1111/j.1523-

536X.2012.00551.x 

Xiang, M., Konishi, M., Hu, H., Nishimaki, M., Kim, H. K., Tabata, H., . . . 

Sakamoto, S. (2019). When and How Should Chinese Pregnant Women 

Exercise? A Longitudinal Study in China. International Journal of 

Environmental Research and Public Health, 17(1). 

doi:10.3390/ijerph17010180 

Xing, X. Y., Tao, F. B., Hao, J. H., Huang, K., Huang, Z. H., Zhu, X. M., . . . Sun, Y. 

(2012). Periconceptional folic acid supplementation among women attending 

antenatal clinic in Anhui, China: data from a population-based cohort study. 

Midwifery, 28(3), 291-297. doi:10.1016/j.midw.2011.04.002 

Yamamoto, S., & Wada, Y. (2018). Awareness, use and information sources of folic 

acid supplementation to prevent neural tube defects in pregnant Japanese 

women. Public Health Nutrition, 21(4), 732-739. 

doi:10.1017/S1368980017003172 

https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/antenatal-care/who-recommendation-counselling-healthy-eating-and-physical-activity-during-pregnancy
https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/antenatal-care/who-recommendation-counselling-healthy-eating-and-physical-activity-during-pregnancy
https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartum-care/antenatal-care/who-recommendation-counselling-healthy-eating-and-physical-activity-during-pregnancy


129 

 

 

Ye, J., Torloni, M. R., Ota, E., Jayaratne, K., Pileggi-Castro, C., Ortiz-Panozo, 

E., . . . Zhang, J. (2015). Searching for the definition of macrosomia through 

an outcome-based approach in low- and middle-income countries: a 

secondary analysis of the WHO Global Survey in Africa, Asia and Latin 

America. BMC Pregnancy and Childbirth, 15(1), 324. doi:10.1186/s12884-

015-0765-z 

Young, M. F., Hong Nguyen, P., Addo, O. Y., Pham, H., Nguyen, S., Martorell, R., 

& Ramakrishnan, U. (2017). Timing of Gestational Weight Gain on Fetal 

Growth and Infant Size at Birth in Vietnam. PloS One, 12(1), e0170192. 

doi:10.1371/journal.pone.0170192 

Zhou, Y. B., Li, H. T., Ye, R. W., Li, Z. W., Zhang, Y. L., Zhang, L., . . . Liu, J. M. 

(2017). Gestational weight gain, cesarean delivery, and cesarean delivery on 

maternal request: a cohort analysis of Chinese nulliparous women. Annals of 

Epidemiology, 27(2), 96-102 e103. doi:10.1016/j.annepidem.2016.11.014 

Zhu, L., & Ling, H. (2008). National Neural Tube Defects Prevention Program in 

China. Food and Nutrition Bulletin, 29(2 Suppl), S196-204. 

doi:10.1177/15648265080292S123 

 

Every reasonable effort has been made to acknowledge the owners of copyright 

material. I would be pleased to hear from any copyright owner who has been omitted 

or incorrectly acknowledged. 



128 

Appendix A. Ethical Approvals 



129 



130 

Appendix B. Declaration of Authorship 



131 



132 



133 



134 



135 



136 



137 



138 



139 



140 



141 



142 



143 



144 



145 

Appendix C. Permission from Publisher – Elsevier 

The following permission is for the publication relating to Objective 1: 



146 

 

 

Appendix D. Permission from Publisher – HEC Press 

The following permission is for the publication relating to Objective 2: 

 

  



147 

 

 

Appendix E. Permission from Publisher – MDPI 

The following permission is for the publication relating to Objective 3 and 

Objective 5: 

 

 

  



148 

 

 

Appendix F. Permission from Publisher – SAGE 

The following permission is for the publication relating to Objective 4: 

 

 

  



149 

 

 

 

  



150 

 

 

Appendix G. Questionnaires  

G1. Baseline Questionnaire (English version) 

A1. Date of interview:   /  /  (DD/MM/YYYY) 

A2. Interviewer’s name:  _________________________________________________  

A3. Mother’s name:  ________________________________________________________  

A4. Mother’s address:  __________________________________________________________________  

A5. Mother’s phone number:  _____________________________________________  

A6. Husband’s name:  ___________________________________________________  

A7. Husband’s phone number:  ___________________________________________  

A8. Duration of pregnancy ______________ weeks 

DEMOGRAPHIC INFORMATION 
No. Questions Answers 

B1. What is your age (years)? ……/……/……(DD/MM/YYYY)  

( ________ years) 

B2. What is your marital status? 1. Never married 

2. Married 

3. Widowed /Divorced/Separated 

B3. What is your main occupation? 

(Tick only one, do not read the list) 

1. Farmer 

2. Worker 

3. Office staff 

4. Housewife 

5. Other (please specify): ………… 

B4. What is your highest level of education 

you have completed? 

1. No schooling 

2. Primary school 

3. Secondary school 

4. High school 

5. College or vocational school 

6. University or higher 

 

A. ANTHROPOMETRICS 

 

No. Questions Answers 

C1. Mother’s height? _ _ _ . _ cm 

C2. Mother’s weight? _ _ _ . _ kg 
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B. MATERNAL HISTORY 

 

No. Questions Answers 

C1. What was your weight before this pregnancy? _ _ _ . _ kg 

C2. What was your weight at the first antenatal 
visit? _ _ _ . _ kg (at _ _ weeks of gestation) 

C3. What was the date of your last menstrual 
period (if remembered) 

  /  / 
 (DD/MM/YYYY) 

C4. What is the date you are expected to 
give birth (if known)? 

  /  / 
 (DD/MM/YYYY) 

C 5. How many children do you have, 
except for this current pregnancy? 

1.  None 
2. Yes → Please 

specify………………… 

C 6 Was this current pregnancy planned 1. No 
2. Yes 

C 7. Do you have hypertension before this 
pregnancy? 

1. No 
2. Yes 
 → 2a: Systolic …………mmHg 

        2b: Diastolic = ……….mmHg 
9. Unknown 

C 8. 
Have you ever been diagnosed with 
gestational diabetes mellitus in this 
pregnancy? 

1. No 
2. Yes 

C 9. Have you ever had a stillbirth in your 
previous pregnancy? 

1. No 
2. Yes 

C 10. Have you ever had preeclampsia in your 
previous pregnancy? 

1. No 
2. Yes 

C 11. Have you ever had preterm birth in your 
previous pregnancy? 

1. No 
2. Yes 

C 12. Have you ever had macrosomia (>4000 g) in 
your previous pregnancy and childbirth? 

1. No 
2. Yes 

C 13. Have you ever had abortion in your previous 
pregnancy? 

1. No 
2. Yes 

C 14. Have you ever had a caesarean section in your 
previous pregnancy? 

1. No 
2. Yes 

C 15. Do you have a history of polycystic ovary 
syndrome? 

1. No 
2. Yes 

C 16. Do you have a history of renal disease? 1. No 
2. Yes 

C 17. Do you have a history of other chronic 
diseases? 

1. No 
2. Yes → Please specify: 

………………… 
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E. PHYSICAL ACTIVITY (during pregnancy) 

It is very important that you recall your physical activity. There are 
no right or wrong answers. We just want to know what activities 
you have spent during the previous 3 months and their frequencies.  

During the previous 3 months, when you are NOT at work, how often do 

you usually spend: 
 

E1. Preparing meals (cook, set table, wash 
dishes) 
None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day ......................... 6 

E2. Dressing, bathing, feeding children while 
you are sitting 
None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ........................ 6 

E3. Dressing, bathing, feeding children 
while you are standing 
None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ........................ 6 

E4. Playing with children while you are sitting 
or standing 

None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day ............ 6 
E5. Playing with children while you are walking 
or running 
None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day ......................... 6 

E6. Carrying children 
 
None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day ......................... 6  

 
E7. Taking care of an older adult 

 
None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ........................ 6 

  

E8. Sitting and using a computer or writing, 
while not at work 

None  ..................................................... 1 

Less than 1/2 hour per day ..................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day .................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day ......................... 6 
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E9. Watching TV or a video 

 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 2 hour per day ................... 3 

2 to almost 4 hours per day ..................... 4 

 4 to almost 6 hours per day .................... 5 

6 or more hours per day  ......................... 6 

E10. Sitting and reading, talking, or on the 

phone, while not at work 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 2 hour per day ................... 3 

2 to almost 4 hours per day ..................... 4 

 4 to almost 6 hours per day..................... 5 

6 or more hours per day  ......................... 6 

E11. Playing with pets 

 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ......................... 6 

E12. Light cleaning (make beds, laundry, 

iron, put things away) 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day..................... 5 

3 or more hours per day  ......................... 6 

E13. Shopping (for food, clothes, or other 

items) 

 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ......................... 6 

 

E14. Heavier cleaning (vacuum, mop, sweep, 

wash windows) 
None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week  ...................... 6 

 

E15. Mowing lawn using a walking mower, 

raking, gardening  
None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week  ...................... 6 
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Going Places… 

During last 3 months, how often do you usually spend: 
 

E16. Walking slowly to go to places (such as 

to the bus, work, visiting) NOT for fun or 

exercise 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ......................... 6 

 

E17. Walking quickly to go to places (such 

as to the bus, work, visiting), NOT for fun or 

exercise 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day..................... 5 

3 or more hours per day  ......................... 6 

 

E18. Riding a bicycle to go places (such as 

the bus, work, or school) NOT for fun or 

exercise 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day .................... 5 

3 or more hours per day  ......................... 6 

 

E19. Driving or riding in a motorbike or bus 

 
None  ...................................................... 1 

Less than 1/2 hour per day ...................... 2 

1/2 to almost 1 hour per day ................... 3 

1 to almost 2 hours per day ..................... 4 

 2 to almost 3 hours per day..................... 5 

3 or more hours per day  ......................... 6 

 

 

For Fun or Exercise… 

During the previous 3 months, how often do you usually spend: 
 

E20. Walking slowly for fun or exercise  

None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

 

E21. Walking more quickly for fun or 

exercise None  ...................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

 

E22. Walking quickly up hills for fun or 

exercise None  ...................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

E23. Jogging 

None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 
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 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

E24. Prenatal exercise class 

None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

 

E25. Swimming 

None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

 

E26. Dancing 

 

None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 

E27. 
 

Name of Activity 

None  ...................................................... 1 

Less than 1/2 hour per week ................... 2 

1/2 to almost 1 hour per week ................. 3 

1 to almost 2 hours per week .................. 4 

 2 to almost 3 hours per week .................. 5 

3 or more hours per week ....................... 6 
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Please fill out the following section if you are a casual, part-time, full-

time employee, or a volunteer, or a student. If you are out of work, or 

unable to work, you do not need to complete this section. 

At work…… During the previous 3 months, how often do you 

usually spend: 

E28. Sitting at work or in class 

 

None  ................................................... 1 

Less than 1/2 hour per day .................. 2 

1/2 to almost 2 hour per day ................ 3 

2 to almost 4 hours per day .................. 4 

 4 to almost 6 hours per day ................. 5 

6 or more hours per day ...................... 6 

E29. Standing or slowly walking at work while 

carrying things (≥4.5 kg) 

None  ................................................... 1 

Less than 1/2 hour per day ................... 2 

1/2 to almost 2 hour per day ................ 3 

2 to almost 4 hours per day .................. 4 

 4 to almost 6 hours per day ................. 5 

6 or more hours per day  ...................... 6 

E30. Standing or slowly walking at work not 

carrying anything 

None  ................................................... 1 

Less than 1/2 hour per day .................. 2 

1/2 to almost 2 hour per day ................ 3 

2 to almost 4 hours per day .................. 4 

 4 to almost 6 hours per day ................. 5 

6 or more hours per day ...................... 6 

E31. Walking quickly at work while carrying 

things (≥4.5 kg)  

None  ................................................... 1 

Less than 1/2 hour per day ................... 2 

1/2 to almost 2 hour per day ................ 3 

2 to almost 4 hours per day .................. 4 

 4 to almost 6 hours per day ................. 5 

6 or more hours per day  ...................... 6 

E32. Walking quickly at work not carrying 

anything 

None  ................................................... 1 

Less than 1/2 hour per day .................. 2 

1/2 to almost 2 hour per day ................ 3 

2 to almost 4 hours per day .................. 4 

 4 to almost 6 hours per day ................. 5 

6 or more hours per day ...................... 6 
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F. FOOD FREQUENCY QUESTIONNAIRE 

General dietary habit – please recall your diet since you became pregnant 

 

No Questions Answer 

G1. Are you on a special diet listed below now? 

0 [ ] No 
1 [ ] Vegetarian 
2 [ ] Low fat 
3 [ ] Low salt 
4 [ ] Other: ……………………… 

G2. Do you have 3 meals per day regularly? 

0 [ ] Regular 
1 [ ] Often regular 
2 [ ] Sometime 
regular 3 [ ] Almost 
irregular 

G3. 

Your eating habit   
Eating breakfast: 
Eating takeaway food 
or eating out: 
Eating snacks 
(Biscuits…): 
Eating sweet food 
(candy, congee…): 

1 [   ] daily   2 [   ] frequently    3 [   ] occasionally   4 [   ]  never 
 
1 [   ] daily   2 [   ] frequently    3 [   ] occasionally   4 [   ]  never 
 
1 [   ] daily   2 [   ] frequently    3 [   ] occasionally   4 [   ]  never 
 
1 [   ] daily   2 [   ] frequently    3 [   ] occasionally   4 [   ]  never 

 
G4. 

Did you or any of your family members feel your food 
was salty? 

0 [ ] never 
1 [ ] sometimes 
2 [ ] usual 

 
G5. 

 
When you eat meat, did you trim off all the fat? 

0 [ ] never 
1 [ ] sometimes 
2 [ ] usual 

 
G6. 

 
When you ate chicken, did you eat the skin 

0 [ ] never 
1 [ ] sometimes 
2 [ ] usual 

 
 
 
 
G7. 

 
How often do you eat the following types of food? (How many times per Month/Week/Day?) 
 Fried food: ......... times/[ ]M [ ]W [ ]D 
 Smoked food: ......... times/[ ]M [ ]W [ ]D 
 Cured food: ......... times/[ ]M [ ]W [ ]D 
 Grilled food: ......... times/[ ]M [ ]W [ ]D 

G8.  
How often do you use vegetable cooking oil? ......... times/[ ]M [ ] [ ]D 

G9.  
How often do you use pork lard? ......... times/[ ]M [ ]W [ ]D 

 
 
 
G10. 

When you eat, how often do you use the following seasonings? 

 Fish sauce:  
......... times/[ ]M [ ]W [ ]D 

 Salt:  
......... times/[ ]M [ ]W [ ]D 
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No Questions Answer 

 
Soybean sauce: ......... times/[ ]M [ ]W [ ]D 

Tomato sauce:  
......... times/[ ]M 

 
[ ]W 

 
[ ]D 

 
G11. 

Since you became pregnant, have you changed your 
diet habit 

1 [ ] No 
2 [ ] Yes 

 
 
G12. 

If yes, please specify: 
- How you have changed: …………………………………………………………………………… 
- The reasons for this change: ……………………………………………………………………… 

 

Consumption of beverage: How often/what amount of/ how do you 
drink the following beverage? – Please tell us about your dietary habits 
since you became pregnant. 

No Beverage Frequency 
Per Month/Week/Day 

Unit (PS: 
portion size) 

Quantity/ 
each time 
(PS) 

For 
how 
many 
months
? 

G13. Beer  times/[ ]M [ ]W [ ]D 300 ml cup 
(A)   

G14 Home-made rice 
wine 

 times/[ ]M [ ]W [ ]D 30 ml cup 
(B)   

G15. Home-made 
herbal rice wine   times/[ ]M [ ]W [ ]D 30 ml cup 

(B)   

 
G16. 

Strong bottled 
liquor (≥ 39% 
alcohol, e.g., 
vodka) 

  times/[ ]M [ ]W [ ]D 
 

30 ml cup 
(B) 

  

 
 
G17. 

Light bottled 
liquor (≤ 29% 
alcohol, e.g., 
small bottle 
vodka) 

 times/[ ]M [ ]W [ ]D 30 ml cup 
(B)   

G18. Red wine   times/[ ]M [ ]W [ ]D 100 ml cup 
(C)   

G19. White wine   times/[ ]M [ ]W [ ]D 100 ml cup 
(C)   

G20. Since you became pregnant, have you changed your drinking habit 
for any type of liquor above? 

0 [ ] No 
1 [ ] Yes 

If yes, please tell us the reasons for that change? 

G21. Green tea 
(dried)  times/[ ]M        [ ]W [ ]D 100 ml cup 

(D)   

G22. Green tea 
leaves  times/[ ]M        [ ]W [ ]D 200 ml cup 

(E)   

G23. Black tea  times/[ ]M        [   ]W [ ]D 100 ml cup 
(D)   

G24. Oolong tea  times/[ ]M        [ ]W [ ]D 100 ml cup 
(D)   

G25. Since you became pregnant, have you changed your drinking habit 
for any type of tea above? 

0 [ ] No 
1 [ ] Yes 

If yes, please tell us the reasons for that change? 
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No Beverage Frequency 
Per Month/Week/Day 

Unit (PS: 
portion 
size) 

Quantity/ 
each time 
(PS) 

For how 
many 
months? 

G26. Black coffee   times/[  ]M   [ ]W [ ]D 150 ml cup 
(F)   

 
G27. 

 
Instant coffee 

 
 times/[  ]M   [ ]W [ ]D 

Bag 5g 
spoon 

(H) 

…….. bag 
……. spoon  

G28. Milk coffee   times/[  ]M   [ ]W [ ]D 150ml cup 
(G)   

G29. Since you became pregnant, have you changed your drinking 
habit for any type of coffee above? 

0 [ ] No 
1 [ ] Yes 

 If yes, please tell us the reasons for that change? 

G30. Water   times/day 250 ml cup   cup 

G31. Soy milk   times/[  ]M   [ ]W [ ]D 250 ml cup   cup 

G32. Lemon juice   times/[  ]M   [ ]W [ ]D 250 ml cup   cup 

G33. Orange juice   times/[  ]M   [ ]W [ ]D 250 ml cup   cup 

G34. Coconut water   times/[  ]M   [ ]W [ ]D 250 ml cup   cup 

G35. Fruit smoothies   times/[  ]M   [ ]W [ ]D 250 ml cup   cup 

 
 
G36. 

 
What type of fruits did 
you drink the most? 

1 [ ] mango  
2 [ ] guava 
3 [ ] watermelon  
4 [ ] avocado 
5 [ ] custard apple 

6 [ ] papaya  
7 [ ] Pineapple  
8 [ ] sapodilla 
9 [ ] Other: .......................... 

G37. Soft drink (coke, 
Pepsi…) 

  times/[  ]M   [ ]W [ ]D 250ml cup   cup 

 
G38. 

What type of soft drinks did 
you drink the most? 

1 [ ] Coca cola  
2 [ ] Pepsi 

  3 [ ] Fanta 

4 [ ] Nestea  
5 [ ] Iced tea 
6 [ ] Other canned soft drink 

 
G39. 

Did you add sugar into your drinks, such as tea, 
coffee, or orange juice? If yes, how many spoons 
(5g) did you add? 

0 [ ] No 
1 [ ] Yes, ............... spoons 

Consumption of soybean products 
How often do you eat soybean products? 

No 
 

Food item 

Frequency 

(per month/week/day) 

 

Unit (PS) 

Quantity/meal 

(0.5 PS, 1 PS, 1.5 PS) 

G40. Fried tofu   times/[  ]M   [ ]W [ ]D Piece (I) PS 

G41. Raw tofu   times/[  ]M   [ ]W [ ]D Piece (I) PS 

 

G42. 

Soybean 
curd with 
sweet syrup 

 

  times/[  ]M   [ ]W [ ]D 

 

Small bowl (J) 

 

PS 
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Consumption of vegetables and fruit 

How often/what amount of/ how do you eat vegetables/fruit? 

No. Food item 
Frequency 

(per month/week/day) 
Unit (PS) 

Quantity/meal? 

(½ PS, 1 PS, 

1.5 PS...) 

G43. Tomato   times/[  ]M   [ ]W [ ]D Whole PS 

G44. Bean sprout   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G45. 
Amaranth, Jute 

potherb 
  times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G46. Water spinach   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

 

G47. 

Mustard green, 

Chinese 

cabbage 

 

  times/[  ]M   [ ]W [ ]D 

 

Small bowl (L) 

 

PS 

G48. 
Malabar 

nightshade 
  times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G49. Crown-daisy   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G50. Chinese leek   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G51. Cabbage   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G52. French bean   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G53. Pumpkin   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G54. Gourd   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G55. Cucumber   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G56. Broccoli   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G57. Cauliflower   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G58. Chinese yam   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G59. 
Ash gourd, wax 

gourd 
  times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G60. Bitter melon   times/[  ]M   [ ]W [ ]D Small bowl (M) PS 

G61. Capsicum   times/[  ]M   [ ]W [ ]D Small bowl (N) PS 

G62. Carrot   times/[  ]M   [ ]W [ ]D Whole (O) PS 

G63. White potato   times/[  ]M   [ ]W [ ]D Whole (O) PS 

G64. Sweet potato   times/[  ]M   [ ]W [ ]D Whole (P) PS 

G65. Luffa   times/[  ]M   [ ]W [ ]D Small bowl (L) PS 

G66. Mushroom   times/[  ]M   [ ]W [ ]D Gram gr 
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G67. Dragon fruit   times/[  ]M   [ ]W [ ]D Whole PS 

G68. Banana   times/[  ]M   [ ]W [ ]D Whole PS 

G69. Papaya   times/[  ]M   [ ]W [ ]D 
Piece 20 x 4 cm 

(Q) 
PS 

G70. Pomelo   times/[  ]M   [ ]W [ ]D Piece (R) PS 

G71. Longan   times/ [  ]M   [ ]W [ ]D Kg kg 

G72. Orange   times/ [  ]M   [ ]W [ ]D Whole PS 

G73. Watermelon   times/ [  ]M   [ ]W [ ]D Piece 100 g (S) PS 

G74. Pear   times/ [  ]M   [ ]W [ ]D Whole PS 

G75. Grape  times/ [  ]M   [ ]W [ ]D Kg kg 

G76. Guava   times/ [  ]M   [ ]W [ ]D Whole PS 

G77. Apple   times/ [  ]M   [ ]W [ ]D Whole PS 

G78. Lychee   times/ [  ]M   [ ]W [ ]D Kg kg 

G79. Mangoes   times/ [  ]M   [ ]W [ ]D Whole PS 

G80. Durian   times/ [  ]M   [ ]W [ ]D Piece (T) PS 

 

Consumption of sweet varieties - How often/what amount of/ 
how do you eat sweet varieties? 

No  
Food item 

Frequency 
(per month/week/day) 

 
Unit 

Quantity/meal? 
(½ PS, 1 PS, 1.5 
PS...) 

 
G81. 

Sweet soup 
(made of 
glutinous rice 
and bean, 
corn…) 

           times/[  ]M [ ] W [ ] D 
 

250 ml cup 
(U) 

 
PS 

 
 
 
 
G82. 

 
 
 
 
Please choose 3 types that you eat the most? 

1 [ ] Glutinous soup with taro 
2 [ ] Glutinous soup with 
corn  
3 [ ] Glutinous soup with 
mung beans 
4 [ ] Glutinous soup with 
black beans 
5 [ ] Glutinous soup with 
white beans 
6 [ ] Mix glutinous soup 
with beans 

  7 [ ] Other: ……………. 
G83. Sweet cakes  times/ [ ]M [ ] W [ ] D Piece 

(V) PS 

G84. Biscuits            times/ [ ]M [ ] W [ ] D Piece PS 
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Consumption of bread and rice varieties - How often/what amount of/ 
how do you eat the following items? 

 
No 

 
Food item 

 
Frequency 

(per month/week/day) 

 
Unit 

Quantity/meal? 
(½ PS, 1PS, 
1.5PS...) 

 
G85. 

French type bread 
(either plain or with 
meat) 

 
 times/ [ ]M [ ]W [ ]D 

 
Load (W) 

 
PS 

G86. Sliced bread (either 
plain or with meat)   times/ [ ]M [ ]W [ ]D Slice PS 

G87. Rice-based noodles   times/ [ ]M [ ]W [ ]D Large bowl 
(X) PS 

G88. Instant noodle   times/ [ ]M [ ]W [ ]D Bag PS 

G89. Plain rice (at home)   times/ [ ]M [ ]W [ ]D Small bowl PS 

 
 
G90. 

Rice comes in a 
serving (a plate of 
fried rice, broken 
rice…) when 
eating outside 

 
  times/ [ ]M [ ]W [ ]D 

 
Plate 

 
PS 

 
G91. 

Glutinous rice (either 
plain, with bean, 
or salted) 

 
  times/ [ ]M [ ]W [ ]D 

 
Small bowl 

 
PS 

G92. Rice porridge   times/ [ ]M [ ]W [ ]D Large bowl 
(KK) PS 

 

Consumption of meat- How often/what amount of/how do you eat? 

No  
Food item 

Frequency 
(per month/week/day) 

 
Unit (PS) 

Quantity/meal? 
(½ PS, 1 PS,1.5 

PS...) 
G93. Pork lean   times/ [  ]M   [ ]W [ ]D Small piece 

(Y) PS 

G94. Pork medium 
fat 

  times/ [  ]M   [ ]W [ ]D Small piece 
(Z) PS 

G95. Pork rib   times/ [  ]M   [ ]W [ ]D Small piece 
(AA) PS 

G96. Pork lower leg   times/ [  ]M   [ ]W [ ]D Small piece 
(BB) PS 

G97. Pork steak   times/ [  ]M   [ ]W [ ]D Piece 60 g 
(CC) PS 

G98. Beef   times/ [  ]M   [ ]W [ ]D Small bowl 
(DD) PS 

G99. Chicken   times/ [  ]M   [ ]W [ ]D Small piece 
(EE) PS 

G100. Pigeon   times/ [  ]M   [ ]W [ ]D Small piece 
(FF) PS 

G101. Duck   times/ [  ]M   [ ]W [ ]D Small piece 
(FF) PS 

G102. Pork heart   times/ [  ]M   [ ]W [ ]D gram gr 
G103. Pork liver  times/ [  ]M   [ ]W [ ]D gram gr 
G104 Pork kidney   times/ [  ]M   [ ]W [ ]D gram gr 
G105. Poultry offal   times/ [  ]M   [ ]W [ ]D gram gr 
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Consumption of fish, egg, and milk- How often/what amount of/how do you eat? 

 
No 

 
Food item 

 
Frequency 

(per month/week/day) 

 
Unit (PS) 

Quantity/meal? 
(½ PS, 1 PS, 

1.5 PS...) 

 
G106. 

Sea fish 
(Mackerel, tuna...) 

 
  times/ [ ]M [ ]W [ ]D 

 
Piece 70 g (GG) 

 
PS 

  1 [] Mackerel 

G107. Please check two types of sea fish that you eat the 
most often? 

2 [] Tuna 
3 [] Mullet 
4 [] other, specify…………………   

G108. Freshwater fish 
(Tilapia...) 

 times/ [ ]M [ ]W []D Piece 50 g (HH) PS 

 
 
G109. 

 
Please check two types of freshwater fish that 
you eat the most often? 

1 [ ] Tilapia 
2 [ ] Snakehead 
3 [ ] Carp 
4 [ ] Chub 
5 [ ] Other, specify………………… 

G110. Shrimp  times/[ ]M [ ]W [ ]D Whole (II) PS 
G111. Squid/octopus           times/[ ]M [ ]W [ ]D Piece (JJ) PS 
G112. Snails, scallops  times/[ ]M [ ]W [ ]D Small bowl PS 
Egg 

G113. Chicken egg  Whole PS 
G114. Duck egg  Whole PS 
Preserved food 

 
G115. 

Pickle vegetable 
& garlic 

 times/[ ]M [ ]W [ ]D  
gram 

 
gr 

G116. Fermented soy 
product 

 times/[ ]M [ ]W [ ]D gram gr 

G117. Salted fish  times/[ ]M [ ]W [ ]D gram gr 
 
G118. 

Preserved meat 
(sausage…) 

 times/[ ]M [ ]W [ ]D 
gram  

gr 
Milk 
G119. Cow whole 

milk 
 times/[ ]M [ ]W [ ]D Cup 250 ml PS 

G120. Soya milk  times/[ ]M [ ]W [ ]D Cup 250 ml PS 
G121 Milk powder, 

whole 
 times/[ ]M [ ]W [ ]D 5 g spoon (H) PS 

G122. Yogurt  times/[ ]M [ ]W [ ]D Box PS 
G123. Condensed 

milk 
 times/[ ]M [ ]W [ ]D ml (C) PS 
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Dietary supplements - How often/what amount of/how did you use? 

 
No. 

 
Item 

Frequency 
(per month/week/day) 

 
Unit 

Quantity/ 
time 
(unit) 

Days/
Weeks/
Months 
of use 

G124. Multivitamin   times/[  ]M  [ ]W [ ]D Tablet   

G125. Vitamin A   times/[  ]M  [ ]W [ ]D Tablet   

G126. Vitamin C   times/[  ]M  [ ]W [ ]D Tablet   

G127. Vitamin E   times/[  ]M  [ ]W [ ]D Tablet   

G128. Riboflavin  
(Vitamin B6) 

  times/[  ]M  [ ]W [ ]D Tablet   

G129. Vitamin D   times/[  ]M  [ ]W [ ]D Tablet   

G130. Acid Folic   times/[  ]M  [ ]W [ ]D Tablet   

G131. Calcium   times/[  ]M  [ ]W [ ]D Tablet   

G132. Selenium   times/[  ]M  [ ]W [ ]D Tablet   

G133. Iron  times/[  ]M  [ ]W [ ]D Tablet   

G134. Zinc   times/[  ]M  [ ]W [ ]D Tablet   

G135. Iodine   times/[  ]M  [ ]W [ ]D Tablet   

G136. DHA   times/[  ]M  [ ]W [ ]D Tablet   

G137. Fish oil   times/[  ]M  [ ]W [ ]D Tablet   

G138. Ginseng   times/[  ]M  [ ]W [ ]D    
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G2. Discharge Questionnaire (English version) 

A. PARTICIPANT’S IDENTIFICATION 

A1. Date of interview:   /  /  (DD/MM/YYYY) 

A2. Interviewer’s name:  ____________________________________________  

A3. Mother’s name:  __________________________________________________  

A4. Mother’s address:  ___________________________________________________________  

A5. Mother’s phone number:  ________________________________________  

A6. Husband’s name:  ______________________________________________  

A7. Husband’s phone number:  ______________________________________  

B. INFORMATION ON PREGNANCY OUTCOMES 

No. Questions Answers 

B1. When was your baby born?  

  /  /   
(DD/MM/YYYY) 

B2. What is your baby’s gender? 1. Male 

2. Female 

B3. Infant weight at delivery (gram) __  __ __ __ gram 

B4. Which method did you give birth 
to? 

1. Vaginal delivery  

2. Caesarean section  

B5. Maternal weight just before giving 
birth 

__ __ . __ kg 
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G3. Three-Month Postpartum Questionnaire (English version) 

A. PARTICIPANT’S IDENTIFICATION 

A1. Date of interview:   /  /  (DD/MM/YYYY) 

A2. Interviewer’s name:  ____________________________________________  

A3. Mother’s name:  __________________________________________________  

A4. Mother’s address:  ___________________________________________________________  

A5. Mother’s phone number:  ________________________________________  

A6. Husband’s name:  ______________________________________________  

A7. Husband’s phone number:  ______________________________________  

B. ANTHROPOMETRICS 

No. Questions Answers 

C2. Mother’s weight? _ _ _ . _ kg 

C. PHYSICAL ACTIVITY  

It is very important that you recall your physical activity. There are 

no right or wrong answers. We just want to know what activities 

you have spent within 3 months postpartum and their frequencies.  
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During the previous 3 months, when you are NOT at work, how often do 

you usually spend: 

E1. Preparing meals (cook, set table, 
wash dishes) 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day ......................... 6 

E2. Dressing, bathing, feeding children while 
you are sitting 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

E3. Dressing, bathing, feeding children 
while 
you are standing 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

E4. Playing with children while you are sitting 
or standing 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 

3 or more hours per day ............................ 6 

E5. Playing with children while you are 
walking or running 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day ......................... 6 

E6. Carrying children 
 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day ......................... 6  
 

E7. Taking care of an older adult 
 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 
  

E8. Sitting and using a computer or writing, 
while not at work 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day ......................... 6 
 

E9. Watching TV or a video 
 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 2 hour per day ................... 3 
2 to almost 4 hours per day .................... 4 
 4 to almost 6 hours per day .................... 5 
6 or more hours per day  ........................ 6 

E10. Sitting and reading, talking, or on the 
phone, while not at work 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 2 hour per day ................... 3 
2 to almost 4 hours per day .................... 4 
 4 to almost 6 hours per day .................... 5 
6 or more hours per day  ........................ 6 



168 

 

 

E11. Playing with pets 
 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

E12. Light cleaning (make beds, laundry, iron, 
put things away) 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

E13. Shopping (for food, clothes, or other 
items) 
 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

 

E14. Heavier cleaning (vacuum, mop, sweep, 
wash windows) 

None  ..................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................ 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week ................. 5 
3 or more hours per week  ...................... 6 

 

E15. Mowing lawn using a walking 
mower, raking, gardening  
None  ..................................................... 1 
Less than 1/2 hour per week .................. 2 
1/2 to almost 1 hour per week ................ 3 
1 to almost 2 hours per week ................. 4 
 2 to almost 3 hours per week ................. 5 
3 or more hours per week  ..................... 6 

 

 

Going Places… 

During last 3 months, how often do you usually spend: 
 

E16. Walking slowly to go to places (such 
as to the bus, work, visiting) NOT for fun 
or exercise 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

 

E17. Walking quickly to go to places (such as to 
the bus, work, visiting), NOT for fun or exercise 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

 

E18. Riding a bicycle to go places (such 
as the bus, work, or school) NOT for fun 
or exercise 

None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 

 

E19. Driving or riding in a motorbike or bus 

 
None  ..................................................... 1 
Less than 1/2 hour per day ..................... 2 
1/2 to almost 1 hour per day ................... 3 
1 to almost 2 hours per day .................... 4 
 2 to almost 3 hours per day .................... 5 
3 or more hours per day  ........................ 6 
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For Fun or Exercise… 

During the previous 3 months, how often do you usually spend: 

 

E20. Walking slowly for fun or exercise  
None  ...................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

 

E21. Walking more quickly for fun or 
exercise None  ...................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

 

E22. Walking quickly up hills for fun or 
exercise None  ...................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

E23. Jogging 
 

None  ...................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

 
E24. Exercise class/session 

None  ...................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

 

E25. Swimming 
None  ...................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

 

E26. Dancing 

 
 
None  ...................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 

E27. 
 

Name of Activity 
 
None  ...................................................... 1 
Less than 1/2 hour per week ................... 2 
1/2 to almost 1 hour per week ................. 3 
1 to almost 2 hours per week .................. 4 
 2 to almost 3 hours per week .................. 5 
3 or more hours per week ....................... 6 
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Please fill out the following section if you are a casual, part-

time, full-time employee, or a volunteer, or a student. If you are 

out of work, or unable to work, you do not need to complete this 

section. 

At work…… During the previous 3 months, how often do you 

usually spend: 

 

E28. Sitting at work or in class 
 

None  ................................................... 1 
Less than 1/2 hour per day .................. 2 
1/2 to almost 2 hour per day ................ 3 
2 to almost 4 hours per day .................. 4 
 4 to almost 6 hours per day ................. 5 
6 or more hours per day ...................... 6 

E29. Standing or slowly walking at work 
while carrying things (≥4.5 kg) 
None  ...................................................1 
Less than 1/2 hour per day ...................2 
1/2 to almost 2 hour per day ................3 
2 to almost 4 hours per day ..................4 
 4 to almost 6 hours per day .................5 
6 or more hours per day  ......................6 

E30. Standing or slowly walking at work not 
carrying anything 
None  ................................................... 1 
Less than 1/2 hour per day .................. 2 
1/2 to almost 2 hour per day ................ 3 
2 to almost 4 hours per day .................. 4 
 4 to almost 6 hours per day ................. 5 
6 or more hours per day ...................... 6 

E31. Walking quickly at work while 
carrying things (≥4.5 kg)  
None  ...................................................1 
Less than 1/2 hour per day ...................2 
1/2 to almost 2 hour per day ................3 
2 to almost 4 hours per day ..................4 
 4 to almost 6 hours per day .................5 
6 or more hours per day  ......................6 

E32. Walking quickly at work not carrying 
anything 
None  ................................................... 1 
Less than 1/2 hour per day .................. 2 
1/2 to almost 2 hour per day ................ 3 
2 to almost 4 hours per day .................. 4 
 4 to almost 6 hours per day ................. 5 
6 or more hours per day ...................... 6 
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G4. Six-Month Postpartum Questionnaire (English version) 

A. PARTICIPANT’S IDENTIFICATION 

A1. Date of interview:   /  /  (DD/MM/YYYY) 

A2. Interviewer’s name:  ____________________________________________  

A3. Mother’s name:  __________________________________________________  

A4. Mother’s address:  ___________________________________________________________  

A5. Mother’s phone number:  ________________________________________  

A6. Husband’s name:  ______________________________________________  

A7. Husband’s phone number:  ______________________________________  

B. ANTHROPOMETRICS 

 

No. Questions Answers 

B1. Mother’s weight? _ _ _ . _ kg 

 

C. MOTHER – HEALTH 

C1. Have you ever experienced low back pain that you feel too ill to do normal 

duties during the first 6 months postpartum? 

No  ------------- 0      If you choose NO, move to question C2 

Yes  ------------ 1 

For the interviewer’s confirmation: 

C2. If the mother says YES, ask her to show the position of her experienced 

pain and tick it here. 

No  ------------- 0       

Yes  ------------ 1 
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G5. Twelve-Month Postpartum Questionnaire (English version) 

A. PARTICIPANT’S IDENTIFICATION 

A1. Date of interview:   /  /  (DD/MM/YYYY) 

A2. Interviewer’s name:  ____________________________________________  

A3. Mother’s name:  __________________________________________________  

A4. Mother’s address:  ___________________________________________________________  

A5. Mother’s phone number:  ________________________________________  

A6. Husband’s name:  ______________________________________________  

A7. Husband’s phone number:  ______________________________________  

B. ANTHROPOMETRICS 

 

No. Questions Answers 

B1. Mother’s weight? _ _ _ . _ kg 
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Appendix H. Information Sheet for Participants 

Project title: Maternal lifestyle and nutritional status in relation to 

pregnancy and child health outcomes: A multi-centre prospective cohort 

study in Vietnam. 

The School of Public Health at Curtin University is studying the associations among 

maternal lifestyle and nutritional status with pregnancy and child health outcomes in 

Vietnam. This research has been approved by the Curtin University Human Research 

Ethics Committee (No. HR32/2015) and the Haiphong University of Medicine and 

Pharmacy Review Board (No. 05/HPUMPRB).  

We would like to invite you to participate in our study. There will be six interviews 

at antenatal, delivery, 1, 3, 6, and 12 months postpartum. It will take you 30-40 

minutes for each interview to answer some questions related to your lifestyle, dietary 

intakes, attitude, and practice in feeding and breastfeeding your new baby, antenatal 

and postnatal depression, and well-being postpartum. These questions are insensitive 

and there are no interventions in both you and your baby.  

Your participation in this research is completely voluntary. You can refuse any 

specific question that you are uncertain or find it difficult to answer. You are totally 

free to withdraw from the study at any time without negative consequences. The 

information you provided will be kept strictly confidential, and your identity will 

remain anonymous. Only aggregated and de-identified data from all respondents will 

be analysed and reported. Your participation has a vital role in supporting our study’s 

success and improving maternal and child health in a resource-limited setting like 

Vietnam. 

If you have any concern or questions about this study, please contact the following 
project staff:  

Vo Van Anh Ha, PhD Candidate, Curtin University 
Telephone number:  
Email Address: vovananh.ha@postgrad.curtin.edu.au 

Thank you very much for taking your time and consideration.   

mailto:vovananh.ha@postgrad.curtin.edu.au
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Appendix I. Informed Consent Forms 

Project title: Maternal lifestyle and nutritional status in relation to 

pregnancy and child health outcomes: A multi-centre prospective cohort 

study in Vietnam.  

(You are invited to participate in this study. Please read the information document 

carefully and ask any questions you wish. Do not sign this informed consent form 

unless you fully understand the nature of the study and the commitment you may 

need to make over the next two years.) 

I, …………………………………………….……………., have read and understood 

the Information letter given to me. I understand the purpose, participant’s risks and 

rights, and requirements of the study. I fully understand that my participation is 

voluntary, and I am free to withdraw from the study at any time without any negative 

consequences. I have also been given the opportunity to ask questions about the 

study. Data gained in this study may be published with de-identified personal 

information. Therefore, I agree to participate in the study.  

 

Signature of participant: __________________________   

Full name of participant: ___________________________________________ 

Date:  ______/______/__________  

 

Signature of witness: __________________________   

Full name of witness: ____________________________________________  

Date:  ______/______/__________  
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