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CHAPTER 1 

1. Introduction 

The coronavirus disease (COVID-19) first began in December 2019 as a cluster of atypical cases of 

pneumonia that was reported in Wuhan, China. On March 11, 2020, the World Health Organization 

(WHO) declared the outbreak a global pandemic 1. This pandemic has significantly impacted multiple 

aspects of the global economy while drastically altering the daily lives of every citizen. As countries 

enacted measures to maintain control of the virus, many have lost their jobs or had reduced hours due 

to economic shutdowns. Those who remained employed may have had to transition to working from 

home and also take care of their children, who have to remain home due to school and daycare 

closures. The possibility and fear of being infected with the virus have also limited physical 

interactions with others outside of our household, access to grocery stores, non-essential services, and 

potentially even healthcare access. All of the aforementioned examples of COVID-19’s effects on 

pregnant women and their social environment will be referred to as the “impact” of the pandemic 

within this thesis. Widespread outbreaks of infectious diseases like COVID-19 are associated with 

psychological distress and symptoms of mental illness.  

Prior to the COVID-19 pandemic, epidemiologic data supported that there has been a steady increase 

in the proportion of complex pregnancies in Canada 2. Average maternal age has steadily risen since 

the mid-1960s, with the average age at first pregnancy now at 30.8 years 3. Furthermore, population-

level increases in the prevalence of obesity, hypertension, and smoking meant that more women were 

entering pregnancy with these recognized risk factors. In Ontario between 2012 -2016, 17.8% of 

mothers with live singleton or twin births had pre-pregnancy BMIs greater than 30 kg/m2, 1.1% had 

established chronic hypertension, 22% smoked tobacco before pregnancy 4, and 23.4% of reported 

living with someone who smoked tobacco 2. These biological health factors contribute to the 

increased risk of iatrogenic preterm births (aPTB), intrauterine growth restriction (IUGR), and pre-

eclampsia (PE) 5–7.  

There is also an increasing awareness of the mental health challenges faced by many women of 

childbearing age. Results from the 2007 Canadian Maternity Experiences Survey (MES) estimated 

that 15.5% of women had a pre-pregnancy diagnosis of depression and 13% reported that they had 
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little or no social support available to them during pregnancy 8. The lack of available social support 

during pregnancy is potentially detrimental, as social support may mitigate some of the health 

consequences of stress for these women 9–12. The prevention measures put in place to combat the 

COVID-19 pandemic have also been reported to dramatically affect maternal mental health and 

social support 13–15. Pregnant women reported feeling higher levels of stress, anxiety, and depressive 

symptoms, with major concerns about their decline in quality and quantity of social support due to 

the COVID-19 pandemic 13–15. Additionally, social support is one aspect of the umbrella term, 

“socio-environmental factors”, which will be defined in this thesis as the social and physical 

conditions in which people live and work, including socioeconomic status (SES), demographic and 

cultural factors, and perceived social support. It is important to note that the socio-environmental 

factors mentioned here has also been referred to as “Social Determinants of Health” in other studies, 

as both concepts encompassed similar factors within the women’s environment 16,17. 

Thus, it is increasingly important to understand the relationship between maternal stress, depressive 

symptoms, physical health factors, socio-environmental factors, and how these conditions 

independently and interactively affect pregnancy outcomes. Only through a better understanding of 

these factors and their impact on pregnant women will we be able to implement systems to support 

them through a healthy pregnancy. A literature review was done on the topics of interest for this 

thesis and was separated into three major sections below: 1) pregnancy outcomes (for this thesis, it 

will be limited to intrauterine growth restriction, pre-term birth, and pre-eclampsia), 2) overview of 

individual associations between perceived stress, depressive symptoms, and pregnancy outcomes, and 

3) associations between perceived stress and depressive symptoms before and during COVID-19. 

1.1 Pregnancy Outcomes 

1.1.1 Intrauterine Growth Restriction (IUGR) 

Intrauterine growth restriction (IUGR) is a heterogeneous disorder, typically associated with a failure 

of the developing fetus to achieve its pre-determined growth potential due to placental insufficiency 

18. These neonates are a subset within the group of babies termed small for gestational age (SGA), 

where the baby experiences growth restrictions due to a variety of different possible pathologic 

processes, resulting in their birth weight being less than the 10th percentile of same-gestational age 

counterparts 19. Studies have observed that IUGR was associated with increased risks of other 
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pregnancy complications, such as pre-eclampsia and pre-term birth, and that maternal hypertension 

and parity were the biggest biological health factors correlated with IUGR 20,21.  

1.1.2 Iatrogenic Preterm Birth (aPTB) 

Iatrogenic preterm birth (aPTB) is defined as babies born before 37 weeks of gestation due to 

maternal or fetal medical complications that necessitate early delivery 22 and is associated with 

increased risk of mortality and morbidity. However, the distinction between spontaneous and 

iatrogenic PTB is not often made in research and will therefore be discussed here as a cluster. In 2006 

and 2007, the Canadian in-hospital PTB rates were approximately 8.1%, with the highest rates 

reported in mothers age 35 and older 21. Within singletons, the average in-hospital cost associated 

with pre-term babies was nine times higher than full-term babies, $9,233 and $1,050 respectively. 

This in-hospital cost increased dramatically in babies who were born extremely preterm (less than 28 

weeks of gestation), with an average cost of $84,235 21. SGA babies may be associated with preterm 

deliveries, which comprised approximately 54,000 live births in 2006 – 2007. Factors contributing to 

the increased risk of preterm birth included maternal hypertensive disorders, maternal age, IUGR, 

fetal distress, and previous history of preterm delivery 23,24. Consequences associated with SGA and 

PTB babies included perinatal and infant death, and physical and cognitive disabilities such as 

cerebral palsy and attention disorders 25.  

1.1.3 Pre-eclampsia 

Pre-eclampsia (PE) is a pregnancy-specific syndrome that occurs only in humans and affects 

approximately 3-5% of pregnancies worldwide 26. The diagnostic criteria for PE were changed by the 

International Society for the Study of Hypertension in Pregnancy in 2014, removing the necessary 

presence of proteinuria, and resulting in the current diagnostic definition: “de-novo hypertension 

occurring after 20 weeks of gestation combined with either proteinuria or other maternal organ 

dysfunction” 27. The cost associated with PE was typically linked with preterm delivery and SGA, 

which was estimated to be several times higher when compared to full-term, normal babies. Factors 

associated with an increased risk of PE included a previous history of PE, chronic hypertension, pre-

existing diabetes, and BMI over 30 kg m2⁄  28.  These risk factors aligned with findings from 

systematic reviews as women with pre-eclampsia tended to have higher levels of total cholesterol, 
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triglycerides, and mental stress, which may increase their lifetime risk of developing metabolic 

syndrome, chronic hypertension, and cerebrovascular disease. 

1.2 Overview of Links between Risk Factors and Pregnancy Outcomes 

1.2.1 Perceived Stress and Pregnancy Outcomes 

Perceived stress is the feelings or thoughts that an individual has about how much stress they are 

under at a given point in time 29. Studies have reported mixed conclusions on the relationships 

between perceived stress and adverse pregnancy outcomes 30–35. From a physiological standpoint, 

pregnancy-specific distress and elevated levels of inflammatory markers may be associated with 

shortened gestational length 30. Some studies have reported that high levels of perceived stress can 

increase risks of having pre-term delivery and very low birthweight babies 31,34, while other studies 

have not reported any statistically significant associations between levels of perceived stress, pre-

term birth, and neonatal birthweight 32,36. Interestingly, the relationship between perceived stress and 

pregnancy outcomes may be bidirectional as women with pre-eclampsia were observed to have 

significantly higher stress levels when compared to healthy pregnant women 35,37. This presents the 

need to further investigate the relationship between perceived stress and adverse pregnancy outcomes.  

1.2.2 Depression and Pregnancy Outcomes 

In Canada, approximately 5% of women have Major Depressive Disorder (MDD) 38, 7.7%  of women 

experienced depression during pregnancy in Ontario, and 8.6% of women experienced postpartum 

depressive symptoms 25,39. Prenatal depression is defined as having depressive symptoms that occur 

during the pregnancy period prior to delivery, whereas postpartum depression typically occurs 

following the delivery of the baby and can last up to one year post-delivery 39. Postpartum depression 

is the most common disability in women within childbearing age and the WHO reported it as a 

leading cause of disease burden for women of all income levels 40. The strongest risk factors that 

predicted postpartum depression are a history of psychiatric illness, prenatal symptoms of anxiety, 

and the onset of depression during pregnancy 25,41. Studies have reported that 54.2% of women who 

experience postpartum depression have had a previous history of depression 25,42. In November 2018, 

the Healthy Human Development Table published a perinatal mental health guide for Ontario Public 

Health Units and stated that perinatal mental health is an important public health issue due to its 
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impact on the family and society 25. Further, untreated depression was also known as a risk factor for 

adverse pregnancy outcomes such as PTB, IUGR, and low birth weight 43. Lastly, the risks and 

consequences of developing depression have been linked with various social factors including 

socioeconomic status, social support network, and educational attainment 44. 

1.2.3 Socio-environmental Factors and Pregnancy Outcomes 

As more people choose to move into urban settings, the space of the city itself becomes our living 

environment. The location of our home and living conditions are not only associated with our 

educational attainment, socioeconomic status, and financial stability, but also directly affect our 

access to resources. For example, access to health care, particularly perinatal care, has been observed 

to be beneficial for maternal mental and physical health, but limited access to care has also been 

associated with socio-environmental factors and stress 45–48. Additionally, social support has been 

reported to significantly predict fetal birth weight 49, so early access to prenatal care may improve 

maternal and fetal outcomes as healthcare providers may be a source of support through the delivery 

of good care 46. Additionally, level of educational attainment was observed to be inversely associated 

with smoking rates 49,50; a risk factor that is associated with low gestation, IUGR, and low birth 

weight. Lastly, cultural factors also may have a strong influence on perinatal health, as studies have 

reported that immigrant women from minority groups have higher rates of postpartum depression 

compared to immigrants from majority groups and Canadian-born women 25. 

1.2.4 Interconnections between Depression, Perceived Stress, COVID-19, and Pregnancy 

Outcomes  

The previous sections discussed the individual associations between perceived stress and pregnancy 

outcomes, and depressive symptoms and pregnancy outcomes individually. However, perceived 

stress and depressive symptoms have also been reported to be associated with one another in a 

bidirectional relationship 51, and therefore may contribute synergistically to affect pregnancy 

outcomes 52. For instance, studies have observed that women who experienced high levels of 

perceived stress and depressive symptoms were at an increased risk for pre-term birth and small for 

gestational age babies 34,53. As the COVID-19 pandemic may have brought changes to the lives of 

pregnant women, its impact on perceived stress, depressive symptoms, and subsequent pregnancy 
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outcomes must be examined. Specific details of the impact of COVID-19 are discussed in the 

following section. 

1.3 Depression and Perceived Stress Before and During the COVID-19 Pandemic in the 

Pregnant Population 

Before COVID-19 

The relationship between perceived stress and depression and/or depressive symptoms is a relatively 

new topic that has emerged in recent decades. Perceived stress is closely associated with one’s 

cognitive appraisal of whether an event is personally stressful; if an individual deems the situation to 

be stressful, the brain then acts upon the received signals and manifests the perception as 

physiological stress 54–56. Studies have reported a bidirectional relationship between depressive 

symptoms and stress, as individuals who experienced depressive symptoms reported increased levels 

of oxidative stress and inflammation 57, and those who experience chronic stress were at an increased 

risk of developing depressive symptoms and depression 58,59. In this research project, we examined 

stress as levels of perceived stress, with consideration of the number of stressful life events 

experienced. 

Prior to the COVID-19 pandemic, approximately 10% to 20% of women experienced mental health 

concerns during the perinatal period 60. A meta-analysis of 102 prenatal and postnatal studies reported 

the pooled prevalence of anxiety among participants to be 15.2% 61 compared to 8.1% in the general 

population 62. Another review reported that the pooled prevalence of depression in women during the 

perinatal period was 11.9% 63, compared with the 5.7% with moderate depressive symptoms within 

the general population 64. Pregnant women who experienced higher levels of stress during pregnancy 

have been linked with increased risks of antenatal depressive symptoms as well as postpartum 

depression 25,65.  Multiple studies supported that perceived stress was significantly correlated with 

postpartum depressive symptoms within the pregnant population, suggesting that pregnant women 

who experienced higher levels of perceived stress may also experience increased depressive 

symptoms, especially in first-time mothers 33,65. Additionally, levels of both perceived stress and 

depressive symptoms were reported to have gradually decreased from late pregnancy to 3 months 

postpartum 65.  
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During COVID-19 

In December 2020, both the Center for Disease Control and Prevention (CDC) and the American 

College of Obstetricians and Gynaecologists (ACOG) stated that although the absolute risk is low, 

pregnant women are identified to be at increased risk of severe outcomes with symptomatic COVID-

19 infection 66. Research data supported that those who are pregnant may be more vulnerable to 

infection of COVID-19 due to their naturally suppressed immune systems. Pregnant women have an 

increased risk of ICU admission, need for mechanical ventilation and ventilator support (ECMO), and 

other health complications 63,66,67. Since mental health concerns such as depression, stress, and 

anxiety have been associated with increased risk of other health conditions and pregnancy 

complications prior to the pandemic 68–72, primary studies that investigated the impact of COVID-19 

on maternal mental health were reviewed. We explored whether the pandemic led to additional stress 

for this group as lockdowns and preventative measures may have limited their mobility and social 

interactions. 

Due to the infectious nature of COVID-19, most research was conducted online through web-based 

surveys and questionnaires. A majority of studies reported elevated prevalence of depressive 

symptoms in pregnant women during this time, ranging from 32% to 57%, compared to the 9% to 11% 

observed during non-pandemic times 73–77. The highest prevalence of depressive symptoms was 

observed in Turkey, as Kahyaoglu & Kucukkaya used the Hospital Anxiety and Depression Scale and 

reported the prevalence of depression and anxiety to be 56.3% and 64.5% respectively 77. 

Interestingly, this result was slightly higher than the findings of other studies conducted around this 

time (which did not exceed 40%). In addition, a positive trend was observed between the prevalence 

of depressive symptoms and the number of suspected and/or confirmed total cases of COVID-19 at 

the beginning of the pandemic, suggesting that rising numbers of cases may be associated with 

increased depressive symptoms in pregnant women 73. Similar to depressive symptoms, the 

prevalence of anxiety was also observed to be elevated, ranging between 34% and 64%, with the 

result from Kahyaoglu & Kucukkaya again slightly higher compared to the other studies 74,76,77. 

Lockdown measures were also reported to impact maternal mental health, as significant differences in 

depressive symptoms and anxiety were observed between different time points within the lockdown, 

along with a gradual increase in psychopathological symptoms as the number of days in lockdown 

increased 78. 
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Interestingly, Moyer et al. suggested that the pandemic amplified two important contributions that 

may lead to greater levels of anxiety: 1) real or anticipated threat to pregnancy or its outcomes and 2) 

low perceived control 79. This meant that women who perceived themselves to be at higher risk of 

adverse pregnancy outcomes demonstrated greater changes in levels of anxiety 79. However, the same 

women would be reassured and less anxious if they had access to prenatal care such as ultrasound 

exams, or if they were assured by their healthcare provider 79. The importance of prenatal care was 

also emphasized as studies reported that the most frequent worry and distress from patients were 

concerns regarding hospital visits for antenatal check-ups and ultrasounds, fear of protecting 

themselves from infection, social media messaging, and infant health after delivery 60,80,81. Higher 

levels of COVID-19-related health worries and grief were significantly associated with clinically 

significant symptoms of depression, anxiety, and PTSD 60. The findings from these studies suggested 

that access to prenatal care as well as healthcare provider assurance may have positively contributed 

to maternal mental health as a source of support and reassurance during unprecedented times. 

Similarly, the uncertainty and lack of research surrounding the potential for vertical transmission of 

COVID-19 through breastfeeding may also be associated with levels of maternal perceived stress and 

postpartum depressive symptoms 82–84, but the literature on this topic is currently limited. 

To date, only two studies investigated the impact of the COVID-19 pandemic on the associations 

between mental health and pregnancy outcomes. These studies assessed postpartum depression in 

Israel and Turkey respectively, within 2 days after delivery using the Edinburgh Postnatal Depression 

Scale (EPDS) questionnaire. Pariente et al. reported that women who delivered from March 18 to 

April 29, 2020, had a lower risk of probable postpartum depression compared to women who 

delivered before the COVID-19 pandemic in 2016 and 2017 (16.7%  vs. 31.3%, p=0.002) 85. 

Conversely, Oskovi-Kaplan et al. reported that 14.7% of the 223 postpartum women enrolled had 

probable postpartum depression, compared to the 6.5% to 12.9% range reported in 2016 by Donna & 

Simone 86,87, suggesting that women who delivered during COVID-19 may have a higher risk of 

developing postpartum depression. As the pandemic started roughly a year ago in 2020, more studies 

focusing on the pandemic’s impact on mental health and pregnancy outcomes are expected to emerge 

as this is currently a gap in the literature. 
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1.3.1 Impacts of Socio-environmental Factors on Perceived Stress and Depressive Symptoms 

on the Pregnant Population Before and During COVID-19 

Before COVID-19 

Socio-environmental factors are the conditions within the environments where we live, learn, work, 

and play that contribute to our health and wellbeing 88. It includes demographic factors such as race 

and ethnicity, location of residence, SES, social support, and access to resources. In a Canadian study, 

Black and First Nations mothers have 1.67-fold and 1.6-fold higher mean depressive symptom scores, 

and 1.36 and 1.28-fold increase in perceived stress scores respectively, when compared to White 

Caucasian mothers 89. Aside from ethnicity, factors such as household income, employment, and 

immigration also impacted maternal levels of perceived stress and depressive symptoms 55,90,91. 

Studies reported that pregnant women in the lowest bracket of household income (CAD $0-$39 999) 

were more likely to experience high levels of perceived stress and depressive symptoms at various 

perinatal stages compared to women with an income of CAD $100 000 or greater 91. Additionally, 

those who have lived in Canada for 5 to 10 years have a 3.77-fold (95% CI 1.38-5.21)  and 2.69-fold 

(95% CI 1.54-9.24) increased risk of consistently experiencing high levels of depressive symptoms 

and perceived stress throughout the perinatal period when compared to those who lived in Canada for 

less than 5 years 91.  

Other than demographic factors, social support from friends and family have been identified to have 

buffering effects that helped pregnant women to cope with stress and depressive symptoms 92,93.  

Both Perceived Stress Scale (PSS) scores and Edinburgh Postnatal Depression Scale (EPDS) scores 

were observed to have significant negative correlations with social support, suggesting women who 

felt well-supported tended to experience lower levels of stress and depressive symptoms 33. Similarly, 

a lack of social support was strongly associated with an increased risk of antenatal depression 88.  

During COVID-19 

Similar to its effect on perceived stress and maternal mental health, the COVID-19 pandemic also 

contributed to amplifying the effects of socio-environmental factors on pregnant individuals’ mental 

health. Education was examined in most of the studies that assessed the impact of the pandemic on 

maternal mental health and reported that having less education was associated with an increased risk 
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of developing depression during the perinatal period 14,73,76,77,90,94. Education is also closely associated 

with employment status, which has been heavily impacted by the pandemic restrictions as many were 

laid off due to business closures 95. Changes in employment status may impact household finances as 

income decreased due to reduced or lack of work. Several studies have reported that unemployment 

and low household income were risk factors that increased the risk of stress and depressive symptoms 

as part-time or unemployed women reported increased levels of stress, anxiety, and increased risk of 

developing depression 14,33,63,73,77. The associations reported between these SES factors and mental 

health aligned with the established correlation that as one’s SES increases, their health also improves 

due to the additional resources available 96–98. 

One of the biggest social changes brought on by the COVID-19 pandemic is social isolation and its 

connection to social support. Pregnant women may be already in higher need of social care and 

support given the current pandemic situation, highlighting the need to investigate how maternal levels 

of social support have been affected by the pandemic 99. Social isolation was suggested to have the 

largest effect on depression as the odds for clinically-elevated depressive symptoms increased by 5% 

per unit increase in feelings of isolation 100. Similar positive associations were reported in other 

studies that assessed social isolation due to lockdown 75,78, while obstetricians also reported social 

isolation as one of the most commonly mentioned concerns by their patients that induced feelings of 

anxiety and distress 80.  

Contrary to social isolation, social support and perceived levels of social support have previously 

been reported to reduce depressive symptoms, anxiety, and stress 88,97. In one study, social support 

was the only factor that had a significant negative correlation with depressive symptoms as women 

who reported low levels of social support also reported higher numbers of depressive symptoms 75. 

Additionally, lower odds of clinically elevated levels of depression and anxiety were associated with 

higher levels of perceived social support. Accordingly, the lack of social support was suggested to be 

a source of stress that directly and indirectly impacted maternal health during the pandemic 101. It was 

suggested that social support may directly affect maternal mental health by encouraging positive 

health behaviours and enhancing emotional regulation, which in turn could indirectly reduce 

physiological stress responses 102. Lastly, marital life satisfaction and relationship strain were also 

contributors to one’s perceived level of social support. Several studies reported that marital life 

satisfaction was significantly negatively associated with depression, anxiety, and stress, while the 
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odds of clinically-elevated depressive symptoms increased 2% per unit increase in relationship strain 

14,100. 

The current literature suggests that the COVID-19 pandemic has altered our environment and led to 

changes in various areas of life within the pregnant population. Province-wide lockdowns may have 

increased feelings of social isolation, stress, anxiety, and decreased levels of social support. These 

factors need to be considered to have a holistic understanding of the impact of the pandemic on 

maternal mental health. 

1.4 Summary and Existing Knowledge Gaps 

Based on the literature reviewed, early studies suggested that the COVID-19 pandemic may have 

affected levels of perceived stress, depressive symptoms, and pregnancy outcomes through changes 

in employment, income, healthcare access, and social support. However, there is only limited 

knowledge on how these factors interact with each other in addition to the limited comparisons 

between pre-pandemic and pandemic conditions. We need to investigate whether the various 

biological and socio-environmental factors exacerbate the relationships between perceived stress, 

postpartum depressive symptoms, and pregnancy outcomes so they can be integrated into the 

development and execution of maternal care. The purpose of this project is to assess the biological 

and socio-environmental health factors associated with pregnancy outcomes, particularly perceived 

stress and postpartum depressive symptoms, and determine if the COVID-19 pandemic has impacted 

these factors to reduce maternal mental health. 
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CHAPTER 2 

2. Rationale and Hypotheses 

The COVID-19 pandemic has changed the way we live, work, and learn, to keep our families and 

ourselves safe. Working couples with children may have to juggle working from home and childcare. 

Times of uncertainty are usually accompanied by added stress, and the pregnant population may be a 

group especially in need of additional support 95. Prior to the pandemic, the prevalence of complex 

pregnancies was increasing, meaning more women were entering into pregnancy with physical and 

mental health factors such as obesity, hypertension, and depression 103,104. In addition, elevated levels 

of perceived stress have been associated with an increased risk of depression 105. Importantly, 

depression and/or depressive symptoms before and during pregnancy are one of the most predictive 

indicators of postpartum depression and adverse pregnancy outcomes such as pre-eclampsia, preterm 

birth, and intrauterine growth restriction  72,106–108. 

Along with the socio-environmental changes from the COVID-19 pandemic, there is a clear need to 

better understand how changes from the pandemic are impacting the prevalence and severity of 

perceived stress and postpartum depressive symptoms, with implications in pregnancy outcomes. 

Therefore, the overall research question is: “What are the impacts of the COVID-19 pandemic on 

levels of perceived stress, postpartum depressive symptoms, and pregnancy outcomes in women 

within London, Ontario and are there any socio-environmental factors that may help mitigate the 

impact of the COVID-19 pandemic?” 

2.1 The One Health Approach to Addressing the Research Question in this Thesis 

2.1.1 What is One Health? 

One Health is defined by the One Health Commission as “a collaborative, multisectoral, and trans-

disciplinary approach - working at local, regional, national, and global levels - to achieve optimal 

health and well-being outcomes recognizing the interconnections between people, animals, plants, 

and their shared environment.” 109 Although the approach stemmed from infectious diseases 110, non-

infectious and non-communicable diseases (NCDs) now account for more than one-half of the global 

burden of disease 111. The increased burden suggests a need to broaden the application of One Health 
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to NCDs and mental health as the interactions between humans, animals, and the environment are 

also relevant to NCDs 112. The Public Health Agency of Canada described One Health as a “multi-

sectoral concept that incorporates human, animal, and environmental health, through the key 

activities of surveillance, response, and prevention” 113. Importantly, the agency’s diagram of One 

Health nests the interactions between humans, animals, and the environment within socio-

environmental factors, which is further encompassed by the impact of culture, the economy, and the 

global context 113. This emphasized that One Health is more than the interaction between humans, 

animals, and the environment, but rather, One Health explores these interactions within the context of 

socio-environmental factors, the economy, and other events that are happening globally. As the 

COVID-19 pandemic has affected everyone and everything on a global scale, the interactions 

between the pandemic, the women’s biological and socio-environmental factors, and its impact on 

perceived stress and postpartum depressive symptoms further suggest the need to use a One Health 

approach to explore the overall research question. The approach will allow for a clearer 

understanding of these interactions, allowing for the development of more holistic and strategies and 

action plans to improve maternal mental health.  

The second advantage of the One Health approach is the extension beyond single-disciplined research 

into transdisciplinary research by bringing together stakeholders from different sectors in society 

(beyond academia, medicine, and the health sectors) to account for and integrate their knowledge and 

ideas in a solution-oriented way. Stakeholders are defined as “individuals, organizations, or 

communities that have a direct interest in the process and outcomes of a project, research, or policy 

endeavour” 114, and they are engaged to broaden the range of ideas and opinions that are presented. 

The collaboration and engagement of stakeholders are important because it allows for knowledge 

translation between different disciplines and sectors, which aid to improve the implementation of 

programs and events.  

2.1.2 The Application of One Health in this Thesis 

This thesis utilizes the One Health approach in two main ways: 1) exploration of the research 

question is done with consideration for the interactions between human health and the environment, 

and 2) relevant stakeholders within various disciplines and sectors that can affect or are affected by 
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health are identified as a part of this thesis to encourage collaborations and implementation of 

solutions to support and improve maternal mental health. 

The overall research question for this project is how maternal mental health, particularly perceived 

stress and postpartum depressive symptoms, have been impacted by the COVID-19 pandemic. First, 

to holistically understand the impact of the pandemic on perceived stress and postpartum depressive 

symptoms, we must acknowledge the contribution of humans and our environment, along with their 

interactions to maternal mental health. As not all health issues are explored equally between the three 

pillars of One Health, this research study mainly explored the interactions between humans 

(biological factors) and our environment. For this thesis, the environment will be focused specifically 

on the participants’ social environment. This includes their demographic characteristics, socio-

economic status, age, and support networks. Further, these interactions are explored within the global 

context of the COVID-19 pandemic as its impact on women’s income, access to health care, and 

social support were measured. The access to both biological health information and socio-

demographic information allowed us to understand the participant’s health within the context of their 

social environment and the pandemic.  

While this research study mainly focused on human health and our surrounding environment, animal 

models have significantly contributed to the understanding of underlying mechanisms of stress, 

depression, and adverse pregnancy outcomes 115–119. Firstly, animal models have been used to 

investigate how various representations of stress (e.g. maternal separation 120,121, chronic 

unpredictable/mild stress 122, and social isolation 121,123) affect depression-like symptoms observed in 

rodents that are analogous to human depression 120. Early life separation can affect the development 

of one’s ability to react and cope with subsequent stressful events 120, whereas offspring who received 

high levels of licking and grooming from their mothers were less fearful and have lower HPA 

responses to stress 124. Secondly, recent literature also explored the effects of pet companionship on 

maternal health, but it was limited as one study reported that pet ownership was negatively correlated 

with prenatal anxiety 125, while another reported that pet ownership was associated with increased 

likelihood of postpartum depressive symptoms if the women perceived maternity as a burdensome 

role 126. In addition, animal models have been critical for studying pregnancy outcomes such as pre-

eclampsia. Since pre-eclampsia is a pathology that occurs uniquely in humans, the disease has been 

difficult to mimic in animal models 127–129. The main problems that arose from various rodent and 
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non-rodent experiments were either the inability to replicate all relevant criteria for the diagnosis of 

PE 130 or that the symptoms could not be replicated only in the experimental group 129,131. Although 

there were challenges, these models contributed valuable information on the biophysiological 

mechanisms that underlie parts of the disease etiology such as the identification of soluble Fms-like 

tyrosine kinase-1’s (sFlt-1) role, and the interactions of various systems with vasodilators 128–131. 

Lastly, stakeholders are a crucial aspect of the One Health approach as engagement and collaboration 

of stakeholders from different disciplines and sectors drive knowledge translation and 

implementation of strategies and programs to improve maternal mental health. However, before 

transdisciplinary action plans can be developed, relevant stakeholders that are involved in maternal 

mental health need to be identified and compiled so we have an understanding of how each of them 

contributes to reducing the levels of perceived stress and postpartum depressive symptoms in women 

who recently gave birth. 

Therefore, the One Health approach allows for an opportunity to assess and understand issues of 

maternal perceived stress, depressive symptoms, and pregnancy outcomes within the broader context 

of socio-environmental factors and the COVID-19 pandemic. The approach identifies and brings 

together relevant stakeholders to extend research beyond academia and collaborate with government 

institutions, private and public organizations, and the media to create and implement actionable plans 

at local, regional, national, and global levels. Ultimately, the goal is to reduce and mitigate the effects 

of perceived stress and postpartum depressive symptoms in pregnant women, which will help 

optimize their overall health. 

2.2 Overall Study Objectives and Hypotheses 

The overall study objectives of this project were to assess the impact of COVID-19 on levels of 

perceived stress, postpartum depressive symptoms, and pregnancy outcomes in women in London, 

Ontario and to identify any socio-environmental factors that have been beneficial to reducing these 

outcomes. The primary outcomes were perceived stress and postpartum depressive symptoms and the 

secondary outcomes were adverse pregnancy outcomes, such as pre-eclampsia (PE), intrauterine 

growth restriction (IUGR), unplanned operative deliveries, and iatrogenic preterm birth (aPTB). This 

study also observed how COVID-19 has affected biological and socio-environmental health factors 

and whether the impact subsequently affected the primary outcomes. Schematically, these objectives 
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are illustrated in Figure 1. The overall hypothesis was that levels of perceived stress and postpartum 

depressive symptoms within this “pandemic cohort” will be elevated compared to mothers from the 

pre-pandemic period. 

 

 

2.2.1 Specific Objectives and Hypotheses 

Prior to the data collection process, a set of specific objectives and hypotheses were formulated for 

this project. However, restrictions from the pandemic have led to revisions of the objectives. 

Additional details on the impact of the pandemic and the original set of specific objectives are 

presented in Appendix A. Below are this project’s current specific objectives and hypotheses. 

 
Figure 1 Visual concept map of the complex relationship between COVID-19 
pandemic, various health factors, and perceived stress, postpartum depressive 
symptoms, and pregnancy outcomes 
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