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ABSTRACT
Biological memories of apartheid:
Intergenerational effects of prenatal and early life stress and trauma on birth outcomes,
HPA axis function, and mental health in Soweto, South Africa
Andrew Wooyoung Kim (#-$-%)

South Africa’s rates of mental, neurological, and substance use disorders are among the
highest in sub-Saharan Africa. In 2016, the estimated 12-month prevalence for any psychiatric
disorder was 16.2%, or approximately 9.1 million individuals. Despite these elevated rates of
psychiatric morbidity, access to mental health treatment is poor: only 27% of patients living with
severe mental illness are expected to receive treatment. The current state of public mental health
in South Africa is foregrounded by a long and recent history of institutionalized White
supremacist policies implemented during the Apartheid regime (c. 1948-1994).

Since South Africa’s democratic transition, nationalist ideologies promoting aspirations
for unity, equality, and freedom in the new “rainbow nation” have continuously been met with
chronicities of anti-black violence, misogynoir, and structural violence, all of which are known
risk factors for psychiatric disorders. These legacies of white supremacist apartheid policies
underpin the dramatic inequities seen in mental health disparities. In addition to these ongoing
societal effects, there is growing evidence that the stressors of the past could have lingering
biological effects that continue to influence and mental health across the lifecourse.

Growing evidence from the fetal origins of health and disease framework shows that past
stress and trauma exposures, particularly those that occur during early development, can durably
alter the development and function of various stress regulatory mechanisms in humans. Among

reproductively aged women, these long-term impacts could shape the gestational environment



experienced by the next generation, thereby influencing grandoffspring development. Thus,
maternal exposures during gestation may not only affect their developing children but also affect
the health and biology of subsequent generations - thus describing a possible intergenerational
mechanism for stress transmission.

While the sustained and deleterious effects of prenatal stress and cortisol exposure are
increasingly evident, it is not yet clear the extent to which their long-term and intergenerational
impacts on stress physiological function, specifically the hypothalamic-pituitary-adrenal (HPA)
axis are reversible. Very early findings suggest that positive developmental conditions can
ameliorate the durable effects of past trauma on the HPA axis. Scientists have thus far been
unable to test this hypothesis, however, because there are very few longitudinal studies that
directly assess maternal exposures to stress and trauma during pregnancy and that span multiple
generations.

Drawing from data from a 30-year multigenerational birth cohort study based in Soweto
and 21 discontiguous months of ethnographic research with mental health patients, professionals
and NGOs in South Africa between June 2017-October 2020, this dissertation examines the
biocultural transmission of embodied trauma from apartheid and its impacts on human biology
and mental health in subsequent generations among families in Soweto, South Africa. I draw on
two separate longitudinal cohort studies based in Soweto and a comparative study in Cebu,
Philippines to examine the intergenerational and lifecourse impacts of early life stress during

prenatal development and childhood.
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CHAPTER 1 - Introduction & Dissertation Outline

1.1 Introduction

In 1994, South Africa’s nearly 50 year history of white supremacist rule under the
colonial Apartheid government ended in a successful movement for decolonization. Yet since the
region’s pre-apartheid years and despite the people's laborious struggle for a new democratic
nation, South Africa continues to see the lasting legacies of social inequality, systematic
racialized violence, and historical trauma recapitulate into the present day. In a country
characterized by its abhorrent racial, geographic, and socioeconomic inequalities, South Africa
reports elevated rates of infectious and non-communicable diseases that follow along these
historical patterns of subjugation. The nation’s first nationally representative survey of mental
health published in 2004 reported high morbidity and future risk for a wide range of
psychological and psychiatric disorders (Herman et al. 2009). Furthermore, South Africa’s recent
rates of mental, neurological, and substance use disorders are among the highest in sub-Saharan
Africa —in 2016, the estimated 12-month prevalence for any psychiatric disorder was 16.2%, or
approximately 9.1 million individuals (GBDCN 2017). Despite these elevated rates of
psychiatric morbidity, access to mental health treatment continues to be a concern: only 27% of
patients living with severe mental illness are expected to receive treatment (Herman et al. 2009)
in a national public mental health system that is overwhelmingly overburdened and under-
resourced (Docrat et al. 2019).

The toxic conditions commonly experienced across societies afflicted by colonialism and
structural violence are well-known risk factors for mental illness, including poverty (Lund et al.
2011), food insecurity (Weaver & Hadley 2009), perceived inequality and discrimination (Lin et

al. 2011; Pieterse et al. 2012), and violence (Fowler et al. 2009; Punamaiki 1988). In particular,
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psychosocial stress and trauma are well-known risk factors for the development, duration, and

severity of psychopathologies across the lifecourse, a set of findings that has held consistent
across cultural contexts and populations (Kran et al. 2015; Mandelli et al. 2015; Ozer et al.
2003). The racist, classist, and misogynist histories of South African apartheid and its ongoing
legacies are no exception (Crais 2011; Gqola 2007; Lockhat & Van Niekerk 2000). The first set
of apartheid laws prohibited marriage and sexual relations across “racial” lines (Prohibition of
Mixed Marriages Act of 1949 and the Immorality Amendment Act of 1950) and closely after,
produced the social technology of “racial” classification (Population Registration Act of 1950)
that classified South Africans into one of four groups: “Black,” “Coloured,” “Indian,” and
“White” (along with sub-classifications). These early hegemonic policies created an opportune
set of political justifications and social logics to authorize the mass evictions and segregations of
communities, economic oppression, systematic police brutality and militarization, blatant
prejudice, and gross human rights violations characteristic of life under the apartheid regime for
the country’s non-white majority.

While the end of the apartheid regime and the election of Nelson Mandela through the
country’s first democratic election brought widespread hope for a “new South Africa” in 1994,
critics across South African society argue that the transition into independence created a false
sense of closure to the violent systems of oppression produced by the apartheid state. South
Africa is globally recognized as the world’s most unequal country, whose societal gaps are filled
with numerous national campaigns against gender-based violence and femicide (Abrahams et al.
2013; Mogale et al. 2012; Nowrojee 1995), stretched by growing economic disparities (Bhorat &
Van der Westhuizen 2010), and dug deeper with every new mineral mine excavated for gold,

diamonds, and profit for the country’s elite (Davenport 2013). The racist legacies of South
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Africa’s past continue to manifest into the everyday realities of the present. In one nationally-

representative study, all Black' communities were two to four times more likely to experience
acute and chronic racial discrimination relative to Whites (Williams et al. 2008). Additionally,
perceived chronic racial discrimination was found to adversely affect mental health after
controlling for demographics, stress, psychological dynamics, and socioeconomic status (SES)
(Williams et al. 2008). Finally, injuries and violence represent South Africa’s leading cause of
death and lost disability-adjusted life years (Seedat et al. 2009). In sum, present day South
African society continues to be plagued by the persistent societal institutions of apartheid,
including chronic poverty (Gibbs et al. 2018), discrimination (Williams et al. 2008), and
racialized inequality (Adjaye-Gbewonyo et al. 2016; Burns 2015), all of which are known risk
factors for psychiatric morbidity across the lifecourse (Allen et al. 2014; Moomal et a. 2009;
Myer et al. 2008).

In addition to these adverse social, political, economic impacts on mental health, growing
evidence in South African communities and other populations suggest that the psychosocial
stress and traumatic experiences from the past may have durable impacts on biological function
and psychological status across the lifecourse (Kuzawa & Sweet 2009; Mandelli et al. 2015;
Miller et al. 2011; Taylor et al. 2010). Recent studies show that past experiences of stress and
trauma, particularly those that occur during early human development, can have sustained
impacts on the development and function of various stress regulatory mechanisms in humans,
including the cardiovascular system, neurobiological function, and neuroendocrine pathways

(Taylor et al. 2010; Heim et al. 2019). Furthermore, in reproductively-aged women, the effects of

! In this study, Black was a racial classification used to refer to all historically marginalized groups in South Africa
used by the Black Consciousness Movement in South Africa in the 1960s, including Africans, Coloureds, and
Indians (Subreenduth 2003).
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early experience on later life physiological status in future mothers could in turn biologically

modify the mother’s intrauterine environment of the developing fetus and thus have impacts that
extend across multiple generations (Drake et al. 2004; Kuzawa & Sweet 2009). In sum, the long-
term effects of early developmental stress and trauma exposure, stemming possibly as far back as
intrauterine development and thus tied to the mother’s gestational experiences, may manifest
across the lifecourse, affect later-life physiology and health, and alter the intrauterine
environment of the next generation — thus creating a potential intergenerational pathway of stress
transmission and mental illness risk. This central question is the focus of this dissertation.

In addition to the growing literature suggesting the possibility of the intergenerational
mental health impacts of prenatal stress and trauma, scientists know even less about the
ameliorative factors that may buffer and reverse the sustained psychiatric impacts of
intergenerational trauma and the psychobiological pathways that underlie trauma reversal.
Unfortunately, most studies on mental illness have been conducted in high-income, Western
countries despite the fact that mental illnesses are more prevalent and severe in low- and middle-
income (LMIC), non-Western contexts (Rebello et al. 2014), thus limiting the potential for
evidence-based public health interventions. Integrating biological, epidemiological, and
anthropological theories and methods, my dissertation examines the intergenerational effects of
psychological trauma, its impacts on psychiatric disease risk, and whether the biological
pathways that perpetuate the long-term effects of intergenerational trauma are reversible through
culturally-resonant social interventions in post-apartheid South Africa.

My research is motivated by my experience as a child of Korean immigrants and a
grandchild of Korean War survivors. My parents immigrated to the United States from South

Korea in the late 80’s in search of political stability and socioeconomic opportunity. While they
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did not come to the US with much, my parents brought with them generational memories of

colonialism, the heavy burdens of historical trauma from deep poverty, militarized occupation,
and their experiences of growing up in a precarious post-war society. As I grew older and
became aware of such violent histories, I wondered how the phantoms of my family’s past could
continue to haunt us in the future. How did my ancestors, grandparents, and parents endure and
overcome such oppressive conditions, and could the cumulative trauma they embodied overtime
reverberate across multiple generations and affect me? My family’s experience with political
violence, trauma, and illness generated my abiding curiosities in the biology of generational
trauma and resilience and the human capacity to overcome systemic oppression. I pursued these
interests in college where I studied the genetics of adult PTSD (Smith et al. 2013) and the
intersections of culture, religion, and mental health in rural Haiti. Deeply fascinated in the
interplay between biology and culture, I combined my interests in the biology of trauma with
critical theories on global oppression and racial violence to develop my current doctoral
dissertation based in post-apartheid South Africa.

Drawing from data from a 30-year multigenerational birth cohort study based in Soweto
and 21 discontiguous months of ethnographic research with mental health patients, professionals
and NGOs in South Africa between June 2017-October 2020, this dissertation examines the
biocultural transmission of embodied trauma from apartheid and its impacts on human biology
and mental health in subsequent generations among families in Soweto, South Africa. This
dissertation draws upon three separate longitudinal cohort studies based in Soweto to examine
the intergenerational and lifecourse impacts of early life stress during prenatal development and

childhood.
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My findings show that maternal prenatal stress experienced during the violent dissolution

of apartheid in 1990, when interacted with younger maternal age and greater past stress
exposure, predicts worse psychiatric morbidity during late adolescent 17-18 years later.
Additionally, I report that greater severity of childhood trauma is associated with stronger
positive associations between self-perceived COVID-19 infection risk and depressive
symptomatology. I corroborate these epidemiological trends by illustrating processes of
embodiment, memory work, and structural violence that underlies intergenerational trauma,
lifecourse stress, and experiences during the COVID-19 pandemic, which all shape present
mental well-being. Ultimately, findings from this biocultural investigation can help strengthen
the public health of historically oppressed communities and assist societies overcome the lasting

consequences of intergenerational trauma.

1.2 South Africa: History, politics, and mental health

The legislative dissolution of the white supremacist apartheid regime in South Africa
(Figure 1) created fertile ground for the reconstruction of a new, multiracial “rainbow nation,”
which sought the realization of new hopes, freedoms, and futures for South Africa’s
communities of color. Political and community violence, however, continued to ensue across the
country, especially in Soweto (Figure 2). These periods of political unrest were fueled by strict
militarized political repression of resistance movements, covert government efforts to instigate
interethnic violence in black communities, and community violence over scarce resources in
informal settlements (Beinhart 2001). It is estimated that approximately half the people who died
due to political violence during the apartheid regime died in the last four years (1990-1994)

(Beinhart 2001; Hickel 2015).
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Figure 1. Map of South Africa Figure 2. Map of Soweto, Gauteng
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Since the democratic transition in 1994 and introduction of a “new South Africa,”
however, anthropologists, historians, and other scholars in South Africa and across the world
have thoroughly critiqued the liberal expectations of equality in South African nation building
and decolonization (Fassin 2007; Makhulu 2010; Ndlovu-Gatsheni 2007). Pre-existing,
apartheid-era inequities in socioeconomic status, land ownership, and mortality have barely
improved within the past 26 years of democracy. Amidst these conditions, new generations of
“born frees” carry the intergenerational burdens of apartheid and while traversing a post-
apartheid moment characterized by precarity, violence, and inequality. The social and economic
promises of an egalitarian, multiracial South Africa that “born frees” sought to revel in were
never fulfilled. Anthropologists and other scholars have argued that, instead, the amalgamation
of the compounding effects from cumulative historical oppression of Western imperialism,
violent transitions from the racial project of apartheid to “democracy,” and current anti-black and
anti-poor social inequities continue to produce harmful conditions that place many at high risk
for mental illness in South Africa (Gobodo-Madikizela 2012; Mclsaac 2019; Volks 2014;

Williams et al. 2008).
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Recent estimates show that the prevalence, incidence, and burden of mental illness in

South Africa are relatively high compared to other countries worldwide: about one in three
(30.3%) South Africans have been diagnosed with a mental illness, over a quarter of all cases
(25%) are considered severe, and nearly half of all citizens (47.5%) will experience a psychiatric
disorder in their lifetime (Herman et al. 2009). Despite these conditions, mental healthcare usage
and access in South Africa is severely limited, with only 27% of patients with severe mental
illnesses receiving treatment, 16% of citizens enrolled in medical aid, and only 0.31 psychiatrist
per 100,00 uninsured population (Docrat et al. 2019). These severe burdens of mental illness and
barriers to mental healthcare necessitate critical anthropological investigation into the historical,
cultural, and political economic conditions that sustain these abhorrent psychological trends.
These diverse insights can also inform future social and health interventions aimed at healing
trauma, reducing stigma, and coping with and preventing mental illness. As these health
inequities persist across generations, elucidating the biological and sociopolitical processes that
sustain the intergenerational “mental state” of South Africa can inform future social and health

interventions aimed at breaking cycles of mental illness and promoting health justice.

1.3 Biology of intergenerational trauma

Researchers have long studied how stress and trauma disrupt stress sensitive
physiological mechanisms such as the hypothalamic-pituitary-adrenal (HPA) axis, a key system
that regulates our adaptive response to stress through a series of tightly-regulated
neuroendocrinological pathways that produce stress-sensitive signaling hormones, including
cortisol. Both early and sustained experiences of social adversity such as discrimination, trauma,

and poverty have been found to chronically alter cortisol production, which may lead to durable,
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long-term impacts on HPA axis function (Heim & Binder 2008). High cortisol levels produce

toxic neurochemical conditions in the brain that can lead to neuronal deterioration and increase
the risk of mental illness (Gold et al. 2002). During pregnancy, maternal stress can alter cortisol
production and raise her own circulating levels, which can cause cortisol to pass through the
placenta, reach the developing fetus’s brain, and affect fetal development, including the
ontogeny of the HPA axis (Seckl 2004). High levels of fetal cortisol exposure can lead to poor
birth outcomes (Kim et al. 2020), postnatal growth (Schneider et al. 1999), and elevate the
child’s risk for cortisol dysregulation and mental illness (Glover et al. 2010; Thayer et al. 2018).
While the sustained and deleterious effects of prenatal stress and cortisol exposure are
increasingly evident (Pearson et al. 2015), it is not yet clear the extent to which their long-term
and intergenerational impacts on HPA axis function are reversible. Very early findings suggest
that positive psychosocial experiences such as a strong sense of belonging, ethnic identity, and
social support, particularly during adolescence, can ameliorate the “programming” effects of past
trauma on the HPA axis (Gunnar et al. 2019). The HPA axis undergoes major rewiring during
the widespread hormonal changes that coordinate puberty, a period in which positive
psychosocial experiences may have disproportionately positive impacts on cortisol regulation
(Gunnar et al. 2019; Hostinar et al. 2015). Scientists have thus far been unable to test this
hypothesis, however, because there are very few longitudinal studies that directly assess maternal

exposures to stress and trauma during pregnancy and that span multiple generations.

1.4 Biological memories of apartheid: a dissertation
The overarching goal of this dissertation is to examine the intergenerational and early life

impacts of prenatal stress and trauma exposure on mental illness risk and HPA axis function in
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second generation children and third generation grandchildren in Soweto, South Africa (Figure

3). The first aim of this study is to examine 1) how prenatal stress experienced gestating mothers
(1G) affects mental illness risk (e.g. depression, anxiety, PTSD), and HPA axis dysfunction (e.g.
cortisol and inflammation) among second-generation (2G) offspring exposed to maternal stress
in utero. The second aim of this study is to examine 2) how early life, postnatal stress exposure
affects mental illness risk, and HPA axis dysfunction (e.g. cortisol and inflammation) among
second-generation (2G) offspring. The third aim of this study is to 3) examine how prenatal
stress and early life stress exposure affects poor birth outcomes, mental illness, and HPA axis
dysfunction (e.g. cortisol and inflammation) among third-generation (3G) offspring unexposed to
the initial prenatal stress experienced by their grandmother (1G). I assess these aims using the
Birth to Twenty (BT20) study, a 30-year longitudinal and multigenerational study run by the
South African Medical Research Council (SAMRC) and the Developmental Pathways for Health
Research Unit (DPHRU) at Chris Hani Academic Baragwanath Hospital located in Soweto,
South Africa. This ongoing, longitudinal birth cohort stands as Africa’s largest and longest
running study of its kind and one of the few large-scale, multigenerational studies in the world
(Richter et al. 2007). BT20 provides the only birth cohort study in South Africa to study the
generational impact of apartheid on health and physiology in African communities.

To examine the intergenerational mental health effects of the apartheid-based trauma, I
leverage over 30 years of existing, epidemiological data and new primary data across three
generations of families from BT20. My ongoing study, called the Soweto Stress Study (n=400),
follows up on 200 2G women who were exposed as fetuses to the dissolution of the apartheid
government in 1990 and their 3G children who were born in the past 5-10 years. In 1990, 1G

pregnant women completed a survey about experiences with trauma, discrimination, and political
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violence from apartheid during their third trimester. Thirteen years after birth, 2G adolescents

completed a measure assessing the strength of their social support systems, including peer and
family support and feelings of societal inclusion. I compare these data on maternal prenatal stress
against various markers of health among 2G women and 3G grandchildren, including birth
outcomes (e.g. birthweight, preterm birth status), mental illness risk (e.g. depression, anxiety,
PTSD), and HPA axis function, specifically cortisol collected from saliva and inflammation
levels found in blood. To analyze the potential reversibility of maternal trauma exposure, I will
examine whether greater levels of adolescent social support reduce future mental illness risk and
regulate HPA axis function in both 2G women and 3G children.

Prior to launching this wave of data collection in January 2020, between June 2017 and
December 2019, I conducted over 12 months of interviews, focus groups, and ethnography with
psychiatric patients, health professionals, and mental health NGOs to immerse myself to the
historical, social, and political dynamics of physical and mental health in Soweto (Kim et al.
2019; Kim 2020; Mendenhall & Kim 2019) (Figure 2). This in-depth qualitative research
considerably strengthened the design and implementation of my current study. For instance, |
adapted existing survey items and included new questions to make them more culturally relevant
to local perspectives of mental health in Soweto and developed a new scale on coping behaviors
(Kim et al. in prep) as most psychological screeners are developed for high-income, Western
populations. I also forged relationships with local psychosocial support NGOs to train my staff in
psychological first aid and co-created a referral system for study participants who presented with

severe mental illness and suicide.
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Figure 3. Outline of dissertation data collection from Birth to Twenty
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On 26 March 2020, the South African government imposed a national lockdown that

prohibited citizens from leaving a strict quarantine except for food, medicine, and essential work.

In-country travel and the sale of alcohol and cigarettes were also banned. The country was

praised by the World Health Organization for its swift and assertive efforts to slow the

transmission of the 2019 coronavirus (SARS-CoV-2) disease (COVID-19) (WHO 2020). Yet

others, including the United Nations, criticized the government for its harsh sanctions against

non-adherent communities. Police brutality, militarization, and demolition of informal

settlements brutalized households across the country, especially in already marginalized

communities that lack adequate resources to properly adhere to quarantine laws. Amidst ongoing

conditions of racialized inequality, South Africa’s harsh administration of its national lockdown
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has introduced serious threats to public mental health (Kim et al. 2020a; Reddy et al. 2020) in a

society where one in three individuals develop a psychiatric disorder during their life (Herman et
al. 2009).

Data from past coronavirus epidemics (e.g. SARS, MERS) poignantly illustrate the
psychosocial impacts of quarantine and foreshadow the possible psychological consequences of
South Africa’s lockdown. Numerous aspects of life under quarantine, including emotional
distress, social isolation, and for some, extreme threats to survival, may substantially increase
psychiatric risk (Brooks et al. 2020; Jung & Jun 2020). Emerging epidemiological data on
COVID-19 worldwide corroborate these findings and report greater psychiatric morbidity and
barriers to accessing mental healthcare (Brooks et al. 2020; Jung & Jun 2020). Additionally,
early evidence on hospitalized cases of COVID-19 reports novel psychopathological
presentations among COVID-19 patients, including anxiety, psychosis, and mood disorders
(Subramaney et al. 2019). In South Africa, pre-existing societal conditions including rampant
poverty, unemployment, and infectious and non-communicable disease burden foregrounded by
the ongoing legacies of the apartheid regime and its racial capitalist logics, place many
individuals at elevated risk for COVID-19 (StatsSA 2018).

COVID-19 emerged South Africa at a time of high prevalence of mental illness and low
healthcare access: over a quarter of all cases are considered severe (Herman et al. 2009), yet only
27% of patients with severe mental illnesses receiving treatment and 16% of citizens enrolled in
health insurance (Docrat et al. 2019). Amidst these conditions, rates of new COVID-19 cases
continue to rise in South Africa - epidemiological models estimate the pandemic will peak

between July and September 2020 (SACMC 2020) (Figure 4). As the total prevalence and rate of
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COVID-19 infections approaches an all-time high, a growing psychological burden due to

socioeconomic, medical, and political adversities is expected.
Figure 4. Epidemiological models of the COVID-19 pandemic, associated healthcare burdens,

and mortality in South Africa (SACMC 2020).
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Dissertation research before the COVID-19 pandemic

After launching data collection in January, my study assessed mental illness risk
(depression, anxiety, PTSD), stress and trauma exposure, and other lifestyle and household
factors among families in and around Soweto. To trace the biological mechanisms involved in

facilitating the intergenerational transmittance of trauma, I also collected saliva and blood
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samples to measure diurnal cortisol levels and inflammatory profiles. These new data points will

be combined with 30-years of longitudinal data to understand the life course pathways that
influence the development of later life psychopathologies. Before the lockdown began, we knew
that thousands of families already faced enormous hardship due to the long histories of
government divestment in the township and the current social and environmental conditions in
Soweto (a lasting legacy of apartheid policies). The impending pandemic, however, would only
magnify the increased risk for domestic violence, food insecurity, overcrowding, limited

healthcare access, and poor mental health, among others.

The impacts of COVID-19 on my dissertation research

I decided to stay in South Africa to continue to oversee my study and research staff,
because of adequate access to high quality private medical care, and because of South Africa’s
early and aggressive public health response to the pandemic, which has resulted in lower
prevalence and incidence rates compared to other countries such as the United States, Italy,
Mexico, Indonesia, and Brazil. The pandemic forced a moratorium on my dissertation data
collection and required that I restructure my research study. At the end of my data collection
before the national lockdown was implemented, my study completed data collection on 100 2G
adults and 87 3G children. Consequently, I was unable to complete the initial study aims I
initially sought out to complete. While COVID-19 drastically disrupted my research activities,
let alone daily life, my team of dedicated research staff and I learned to adapt to these shifting
conditions. In turn, we created new opportunities for taking care of ourselves, supporting our
study participants, and conducting novel research. Thus for this dissertation, through a

combination of primary and secondary data analysis on survey data from Soweto, I examine the
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intergenerational impacts of prenatal and early life postnatal stress exposure on birth outcomes,

adolescent psychiatric morbidity, and adult depressive risk across three separate samples of

infants, children, and adults living in Soweto.

1.6 Dissertation outline

This dissertation is outlined into nine chapters. Chapter 2 illustrates the theoretical
framework for this study. Chapter 3 describes the various samples and methods used in this
dissertation. Chapters 4-6 present a series of quantitative data analyses on the impacts of prenatal
and postnatal early life stress among families in Soweto. Chapter 4 examines the impact of
maternal prenatal stress during the first trimester on infant birthweight in a birth cohort study
conducted between 2013-2016. Chapter 5 explores the long-term mental health impacts of
maternal prenatal stress experienced across pregnancy during the dissolution of apartheid (c.
1990) among late adolescents aged 17-18 years old. Chapter 6 evaluates the impacts of
childhood trauma and perceived COVID-19 infection risk on depressive symptomatology in a
community-based sample of adults in 2019-2020. Finally, Chapter 7 ummarizes my key findings
and discusses the broader relevance and potential impacts of this research. I close with a
summary of my dissertation and a discussion of future directions. Ultimately, findings from this
biocultural investigation can help strengthen the public health of historically oppressed

communities and assist societies overcome the lasting consequences of intergenerational trauma.
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CHAPTER 2: Background and Theory

In this chapter, I describe the mechanisms that underlie the depressive impacts of
intergenerational trauma and early life postnatal stress. I first discuss the global burden of mental
illness and the disproportionate impact in historically traumatized and low- and middle-income
contexts (Patel 2012; Vigo 2016). I then briefly introduce the idea that past traumas may
manifest intergenerationally through stress-sensitive biological mechanisms to increase the risk
of depression. Afterwards, I describe depression as a disease and its most well-known predictors.
I then describe the biology of prenatal and postnatal early life stress, which I collectively refer to
as “early stress,” and adult depression. Later, I trace the various biological and developmental
mechanisms involved in gestation, parturition, and hypothalamic-pituitary-adrenal (HPA) axis
function — one of several physiological system known to regulate the vertebrate stress response. |
then introduce the developmental origins of health and disease (DOHaD) framework (Barker
1999) as a lens into some of the biosocial mechanisms through which prenatal stress-initiated
intergenerational trauma are understood to operate. I then describe how early stress impacts these
processes to possibly increase depression risk later in life (Heim & Binder 2012; Karlamangla et
al. 2019). This discussion of the major developmental theories and physiological mechanisms
underlying the lifecourse biological impacts of prenatal stress exposure is key to highlight the
current gaps in the scientific literature on the long-term impacts of prenatal stress on adult mental
health (Barker 1999; Gluckman et al. 2010; Heim et al. 2019; O’Donnell & Meaney 2017). I
draw upon recent theoretical developments on the intergenerational biological transmission of
stress, inequality, and social adversity (Conching & Thayer 2019; Kuzawa & Sweet 2009; Vineis
2020) to test the hypothesis that alterations greater prenatal stress is associated with alterations in

stress physiology, in particular the HPA axis function, which in turn correspond with increased
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mental illness risk during adulthood (Goldstein et al. 2019; Heim et al. 2019; Krontira et al.

2020).

2.1 Introduction
Trauma, biology, and global mental health

Mental illnesses and substance use disorders account for the leading cause of disability
worldwide based on the 2010 Global Burden of Disease study, accounting for 23% of all years
lived with disability (Whiteford et al. 2013). Despite the major role of mental illness in shaping
global patterns of morbidity, issues of mental health continue to be an underappreciated and
underrecognized issue in global health (Ngui et al. 2010). These major health concerns drove a
diverse set of stakeholders — including international health organizations, academics, and global
health officials — to create a foundation for what would be the new field of “global mental
health” (GMH)? (Patel 2012). Global mental health, as such, is defined as “an area of study,
research, and practice that places a priority on improving [mental] health and achieving equity in
[mental] health for all people worldwide.” (Patel & Prince 2010:xi). GMH particularly prioritizes
the diseases and issues based in “low- and middle-income countries” (World Bank 2020), where
the burden of mental illness is estimated to be the greatest (Patel 2007; Vigo 2016) and where
policies for mental health care and protections against individuals affected by mental disorders

are least likely to exist (Ngui et al. 2010).

2 The convergence of four trends produced the impetus for GMH to develop: greater evidence on the social determinants of
mental health, the creation of the “disability-adjusted life year” as a metric, growing evidence on the cost-effectiveness of
pharmacological and psychosocial treatments, and the widespread violence and death among individual with mental illnesses in
societies across the world (Patel 2012).
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South Africa has become a major site for GMH work in the African continent (WHO

2007). Major findings on the widespread prevalence and incidence of mental illness, as well as
the massive treatment gaps in public mental health facilities, have brought international attention
to the large disease burdens of mental illness in South Africa. Throughout the short yet dense
history of global mental health research, understanding and addressing the widespread mental
health impacts of psychosocial stress and trauma worldwide has become a primary focus in the
field and across global health practice. This focus is particularly relevant to South Africa, where
everyday violence, substance abuse-related complications, poverty and inequality, among other
stressful and traumatic life events, are major risk factors for mental illness (Burns et al. 2011;
Seedat et al. 2011). Since apartheid, South African society continues to be plagued by the
persistent societal institutions of apartheid, including chronic poverty (Gibbs et al. 2018),
discrimination (Williams et al. 2008), and racialized social inequality (Adjaye-Gbewonyo et al.
2016; Burns 2015), all of which are known risk factors for psychiatric disease (Allen et al. 2014;
Moomal et a. 2009; Myer et al. 2008).

In addition to the psychological and psychiatric sequelae of stress, trauma, and inequality,
growing research has highlighted the disproportionate impacts of early life childhood exposure to
stress and trauma on psychopathological risk across the lifecourse (Mandelli et al. 2015; Raleva
2018). The developmental effects of early stress exposure are also known to affect later-life risk
for a wide range of future phenotypic outcomes, including growth patterns, metabolic function,
inflammatory profiles, and stress-regulatory neuroendocrine systems (Belsky 2019; Karlamangla
et al. 2019; Nettis et al. 2019; Watamura & Roth 2019). The durable effects of early life

psychosocial stress exposure are also known to predict adult depression beyond the influence of
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genetic predispositions, as these patterns have been reported in twin studies (Kendler et al., 2000;

Nelson et al., 2002).

2.2 Social and developmental determinants of adult depression
Adult depression: definitions, predictors, and epidemiology

Depression is the leading cause of disability worldwide (Friedrich 2017). Depression,
also known as major depressive disorder (MDD) or clinical depression, is a mood disorder that is
characterized by persistently sadness, low mood, and loss of interest, which can cause major
impairments one’s daily life (American Psychiatric Association 2013; South African Depression
and Anxiety Group 2020). Symptoms of the condition vary across individuals, but the major
characteristics of depression include depressed mood, diminished interest, weight change, slower
thoughts and movements, fatigue, feelings of worthlessness, difficulty concentrating, and
recurrent suicidal ideation (American Psychiatric Association 2013). Depression seen and
experienced across the lifecourse, from childhood to late adulthood, and the incidence of
depression increases dramatically during adolescence (Pine et al. 1998, 1999). And while
depression is a common illness experience worldwide (Kleinman 1985), the disease is one that is
not universally observed across cultures and has not always been seen throughout history
(Kleinman et al. 1985, 2004; Watters 2010) — thus emphasizing the social, political, and cultural
dimensions of the disease category (Kirmayer 2001).

Anxious, atypical, and melancholic symptom presentations have been used to classify
subtypes of depression and categorize the heterogeneity of depression. Anxious depression is the
co-occurrence of both depressive and anxious symptoms and understood to be a more severe

form of MDD, characterized by greater depression severity, more suicidal ideation, worse
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treatment outcomes, and poorer overall functioning (Héberling et al. 2019). Atypical subtypes

are characterized by greater mood reactivity, two or more of the following features - increased
cases of appetite, sleep, leaden paralysis, and interpersonal rejection sensitivity - for at least two
weeks, and non-overlapping presentations with melancholic or catatonic features of depression
(APA 2013). Melancholic depression is a form of MDD where the main indicator is prolonged
anhedonia and/or poor mood reactivity supplemented with at least three of the following:
depression independent of bereavement, decreased weight and appetite, psychomotor function,
early waking, excessive guilt, and worse mood in the morning (APA 2013). The use of these
subtypes, however, are controversial. Arnow and colleagues state that “data on the clinical utility
of these subtypes in treatment selection—that is, whether particular subtypes show different
patterns of symptom reduction with any given treatment—are inconsistent” (Arnow et al.
2015:743). Studies on disease prognosis, neuroanatomy, and treatment response suggest that the
subtypes may be biologically distinct. For example, melancholic patients respond less effectively
to antidepressant medications compared to those who aren’t melancholic (Uher et al. 2011), yet
findings are inconsistent (Bobo et al. 2011; Yang et al. 2013). Further research is necessary to
determine the clinical, pathophysiological, and treatment differences in these current subtypes of
depression (Arnow et al. 2015).

Similar to many physical and mental diseases, the primary determinants and etiology of
depression are multifaceted, complex, and variable both within and between people (Goldberg
2011). The major predictors of depression include stress and trauma, gender, age, genetic and
biological factors, personality type (e.g. neuroticism), substance use, major life events and
transitions, comorbid diseases, and broader histories and experiences of oppression (Kleinman

2001; Patel et al. 2010; Peltzer & Pengpid 2020; Pine et al. 2002), though the vast variation at
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the individual and population levels and the culturally-specific nature of depression highlights

the fact that other determinants are at play (Assari 2017).

In South Africa, depression is considered a major public health concern by various
stakeholders ranging from patients and caregivers to the national government and countrywide
civil society groups (Docrat et al. 2019; Herman et al 2009; South African Depression and
Anxiety Group 2020). National estimates of the epidemiology of adult depression are fairly
recent - the first national representative figure was produced in 2009 (12-month prevalence:
4.9%, lifetime prevalence: 9.7%). These and other national prevalence estimates, however, have
been widely criticized for reasons specific to measurement in the South African context and
those also seen worldwide (e.g. underreporting of mental health data, poor instrument validity,
cultural variation in disease experience, socioeconomic constraints, etc.) (Tomlinson et al. 2009).
Other national-level estimates, regardless of representativeness, report variable findings. These
include estimates from the National Income Dynamics Study, which reported 27.1% of
respondents experienced “depressive symptoms” in 2012 and 13% in 2015-16, and a national
prevalence rate of 4.6% in 2015 based on the World Health Organization. While current
estimates predict that the prevalence rate ranges somewhere between 4-5%, rates in marginalized
communities such as those experiencing poverty (Lund et al. 2010), disease morbidity (Remien
et al. 2019), and violence (Herman et al. 2009) are elevated. Substantial evidence also shows that
depression poses major deleterious impacts on quality of life, health, and well-being in South
Africa (Herman et al. 2009; Remien et al. 2019; Tomlinson et al. 2009; South African
Depression and Anxiety Group 2020).

Below I describe the major determinations of adult depression seen worldwide, many yet

not all of which are potent risk factors in South Africa. These include stress and trauma, systems
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of power (e.g. race, class, gender, etc.), and development. I first provide a brief historical

overview of the concepts of stress and trauma and discuss the operational definition of both

terms in this dissertation. I then describe how each of these predictors affect depression in adults.

Stress and trauma: conceptual histories and definitions
I. Stress

Stress and trauma are both polysemous terms that index various meanings within and
across disciplines and also depending on the system in question (e.g. biology, individual, family,
organization, community, environment, etc.). The earliest known use of the word stems from the
14" century to describe adversity, hardship, and affliction (Lumsden 1981). Various meanings
and uses of the term emerged overtime and landed in medical texts of 19" century Western
medicine, where it was understood as a basis of ill health and disease (Lazarus & Folkman
1984). Much of the origins of today’s rich literature on stress and health derive from the work of
two scientists — American physiologist, Walter Cannon (who also coined the term “fight or flight
response’’) and Hungarian endocrinologist, Hans Selye. In his seminal book titled The Wisdom of
the Body, Walter Cannon® (1932) conceptualized stress as a perturbation of disruption of
homeostasis due to altered conditions internally, such as changes in hormone balances,
physiological function, and nutritional status, etc., and externally, such as temperature, oxygen

availability, environmental threats, etc. Also in the mid 1930s, Hans Selye deployed the “stress”

3 Cannon also developed the long-standing ideas of homeostasis used today. This idea represented the processes of
physiological regulation that maintained constancy, operated through the process of “steady-state” conditions (that
any change will be met with resisting change), comprised of numerous biological mechanisms, and that intentionally
occurred (rather than it being a chance process). Cannon extended French physiologist Claude Bernard’s early work
on cellular environments, in which he explained how cells and tissues in multicellular organisms protect themselves
and respond to stress.
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concept to mean a tightly regulated set of physiology responses to defend the body from both

physical insult and psychological adversity (Lazarus & Folkman 1984) — a reaction he termed the
General Adaptation Syndrome (Selye 1946).

In contrast to Cannon’s operationalization of stress, which emphasized the external nature
of the “stressor” that altered homeostasis, Selye’s view of stress fully indexed what he perceived
as the “unitary” physiological reaction and process created by the human body when faced with
such demands (Fink 2010; Lazarus & Folkman 1984). These pioneering scholars laid ground for
future groundbreaking work on stress and health from researchers like American psychologist
Richard Lazarus, who viewed stress from the perspectives and dynamics of cognition; British
epidemiologist David Barker and his ideas on the developmental effects of early life conditions;
and John Newport Langley, the British physiologist who coined the term “autonomic nervous
system,” and American anthropologist Daniel Brown who contributed greatly to the study of
stress and human adaptability and biocultural frameworks in anthropology. Since the seminal
work briefly reviewed above, various conceptualizations and definitions of stress have emerged
across disciplines. Selye and Lazarus both emphasize this trend, explaining the difficulties of

reaching a consensus on the overarching definition of “stress”:

“In spite of consistent confusion about the precise meaning of the term, stress is widely
recognized as a central problem in human life. Scientists of many disciplines have
conceptualized stress but each field appears to have something different in mind
concerning its meaning. For the sociologist, it is social disequilibrium, that is,
disturbances in the social structure within which people live. Engineers conceive of stress

as some external force which produces strain in the materials exposed to it. Physiologists
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deal with the physical stressors that include a wide range of stimulus conditions that are

noxious to the body. In the history of psychological stress research, there has been no
clear separation between physical stressors which attach biological tissue systems and
psychological stressors which produce their effects purely because of their psychological

significance” (Lazarus et al. 1962:26; Selye 1976:18).

When viewing existing concepts of stress together, the overarching theme across all
perspectives view stress as “a process in which environmental demands tax or exceed the
adaptive capacity of an organism, resulting in psychological and biological changes that may
place persons at risk for disease” (Cohen et al. 1997, see Figure 1). The operational definition of
stress in this dissertation will use this definition, with the caveat that the use of the term
“adaptive” indexes the concept of psychological adaptation, which refers to “changes that take
place in individuals or groups in response to environmental demands” (Berry 1976; Berry
1997:13), rather than the meaning from evolutionary biology that describes the process that fits
organisms to their environment, resulting in grater fitness, as well as a trait that serves a
functional role that is maintained and evolved over time due to natural selection.

The predominant framework used to understand the relationship between stress and
depression is the stress-diathesis model (Monroe & Simons 1991; Zuckerman 1999). The stress-
diathesis model suggests that individuals with greater vulnerability or predisposition — whether a
difficult temperament, biological, endophenotypic, genetic, etc. — are more likely to respond
negatively to an environmental stressor (Monroe & Simons 1991; Zuckerman 1999). The
stressor can be a range of psychological exposures or external insults, including psychosocial

stress, physical trauma, violence, etc. The original “diathesis-stress” conceptualization comes
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from theories of schizophrenia during the 1960s (Bleuler 1963; Rosenthal 1963), which

eventually was adopted by depression researchers (Bebbington 1987; Monroe & Simmons 1991;
Robins & Block, 1989). The motivating idea of the original conceptualization - that stress
interacts with a pre-existing diathesis, which in turn actualizes the potential of disease
vulnerability into the presence of psychopathology (Monroe & Simmons 1991) — persisted to
today’s use of the model (Belsky & Pluess 2009).

Psychologists, biologists, and public health researchers have greatly expanded the stress-
diathesis model by examining the various moderators, or a factor that affects the direction and/or
strength of the relation between a predictor and dependent variable, and mediators, a variable
involved in the mechanism of an observed relationship between a predictor and outcome, of the
stress-depression relationship. These include biological, developmental, psychological, and
social/cultural pathways. Biological factors include the role of stress physiological mechanisms,
such as the HPA axis (Heim & Binder 2012), inflammation (Miller et al. 2011), biochemical
mechanisms (Belujon & Grace 2017), neurobiological function (Teicher et al. 2016), epigenetics
(Heim et al. 2019), and more recently, the microbiome-gut-brain axis (Cryan et al. 2019).
Developmental perspectives emphasize the importance of childhood adversity (Heim & Binder
2012) and more recently prenatal stress (Monk et al. 2019), chronic stress (Hammen 2015), and
developmental stress sensitization (Kendler et al. 2004; McLaughlin et al. 2010). Psychological
pathways include examinations of cognition, personality traits, self-esteem, and attitudes
(Hammen et al. 2015). And finally, social/cultural perspectives examine the types, meanings, and
cultural relevance of stress and mental health, including studies of stigma, victimization,

violence against women, and broader systems of oppression (Kim et al. 2020). These pathways
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are frequently studied in tandem with each other to understand the various phenotypic outcomes

and processes, including buffering, sensitization, gene-environment interactions, etc.

Measuring Stress in Psychiatric and Physical Disorders 11
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Figure 1.1 A heuristic model of the stress process designed to illustrate the potential integra-
tion of the environmental, psychological, and biological approaches to stress measurement.

Figure 1. Heuristic model of stress that incorporates environmental, psychological and biological

processes in conceptualizing stress based on the work of Cohen, Kessler, and Gordan (1997).

II. Trauma

Decades of research in psychology, social work, and other allied fields have documented
the well-known pathological outcomes of traumatic experience. Mental health practitioners have

responded accordingly, by developing and optimizing best practices for addressing and
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preventing the wide-ranging sequelae of trauma. In psychology and psychiatry, trauma is broadly

defined as an event outside the range of usual human experience that disturbed the psyche’s
normal capacity for homeostasis and coping (Fassin & Rechtman 2009). Among the most well-
known definitions of trauma comes from Dutch American psychiatrist Bessel van der Kolk, who
defines trauma as “the impact of experiences that overwhelm both psychological and biological
coping mechanisms” (Van der Kolk 1987:xii) and its effects include the “emotional and
cognitive processes, underlying biological changes, and resulting psychopathology” (Van der
Kolk 1987:xii).

In their book The Empire of Trauma, Fassin & Rechtman (2009), a team of prominent
French physician-anthropologists, dissect the medical theory and social history of psychological
trauma. Examining the genealogy of the concept between the late 1800s to 1980, the authors
closely examine the “dual genealogies” of trauma: one of academic perspectives from
psychiatry, psychology, and psychoanalysis, and the other in personal “collective sensibilities,”
morals, and values. The psychic dimensions of trauma sequelae, they argue, originated from
early discussions in psychology and psychiatry that sought to subsume the neurological effects of
railway accidents, also known as “trauma neurosis,” into the larger diagnosis of hysteria.
Existing psychic theories of hysteria, developed by leading psychologists Pierre Janet and
Sigmund Freud, subsequently incorporated "trauma neurosis, as well as the etiological “event,”
into its explanatory models. This eventually gave rise to a Freudian understanding that directly
implicated the external “traumatic” event with internal origins of psychologized trauma sequelae.
This conceptualization of trauma-based injuries co-emerged with the rise of legislation around
occupational safety and workers compensation, which is the moral dimensions of trauma first

emerge and play out in larger society.
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Manual laborers and soldiers during World War I who developed trauma neurosis as a

result of workplace accidents or combat, respectively, deeply scrutinized because of the moral
judgements of others that assumed feigned injury for financial compensation or malingering. In
fact, among military personnel, trauma neurosis was “recast as the selfish desire, whether
conscious or unconscious, to escape fire”” and “came to occupy center stage in the theatre of
disgrace” (Fassin & Rechtman 2009:43). It took the occurrence and examination of Nazi
extermination and concentration camps that ultimately led to the end of an “era of suspicion,” or
the hegemonic, morally-charged skepticism of trauma sequelae. In turn, the impacts of trauma
became reconfigured from a subject of moral scrutiny into undeniable evidence of ethical
suffering, which mediated the emergence and the social positioning of post-traumatic stress
disorder. Here we see the “shift from one truth to another, from a realm in which trauma was
regarded with suspicion to a realm in which it carries the stamp of authenticity” (Fassin &
Rechtman 2009:23).

Afterwards, the introduction of post-traumatic stress disorder (PTSD) as a new American
psychiatric concept to explain the collection of psychological and somatic sequelae of war
trauma among Vietnam veterans both affirmed and transformed the concept of trauma. First, the
new disease category of PTSD concretized the perspective that trauma survivors experienced
“ethical suffering,” in turn depoliticizing the reason and context for the traumatic event. Second,
trauma entered deeper into the biomedical world and eventually became incorporated into
clinical theory, biological frameworks, and diagnostic practice, which is the conceptual
framework of trauma we see today in Western psychiatry and most of global mental health. T use
Van der Kolk’s definition above as the operational definition of trauma for this dissertation: “the

impact of experiences that overwhelm both psychological and biological coping mechanisms”
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(Van der Kolk 1987:xi1) — with the additional caveat that both the stressors and traumas are

deeply tied to the political and intentional systems of white supremacy from which the traumas I

examine in this dissertation derive (Barbarin & Richter 2001).

Intersectional systems of oppression and health: social identity, inequality, and power
I. Intersectionality

A strong and longstanding literature on the social determinants of adult depression has
explored the role of race, class, gender, and other social dynamics in the risk and experience of
adult depression. While anthropological, psychological, and other social science research fields
have examined each of these dimensions of social identity, inequality, and power as a distinct
social dimension (e.g. race, class, gender, etc.), a strong theoretical framework informed by the
history and lived experiences of communities of color has emerged to understand social systems
of power and inequality, a concept known as intersectionality.

Critical race theorist and legal scholar Kimberlé Crenshaw (1990) coined the term
“intersectionality” in the last 1980s to early 1990s to describe the “multidimensionality” of
marginalized people’s lived experience (Crenshaw 1989:139) and actively reject the “single-axis
framework™ of examining singular social dynamics (e.g. race, class, gender, ability, etc.) to
understand oppression - and in the case for Crenshaw’s pioneering work, to analyze the
numerous way that race and gender shape the power, oppression, and experiences of Black
women. (Crenshaw 1989, 1990). This core concept in critical race studies and anti-racist
organizing derived from Crenshaw’s legal scholarship, which aimed “to [problematize] law’s
purported colour-blindness, neutrality, and objectivity” (Cole 2008). Furthermore,

intersectionality intentionally rejected harmful social theories and flawed legal practices,
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including the perpetuation of identity politics as an analytical framework, which fails to provide

theoretical and analytical spaces for understanding intra-group differences in power and
oppression (e.g. racialized experiences of womanhood, classed and gendered experiences of

being Asian American, etc.) (Crenshaw 1992).

II. Mental healthcare access and treatment

Medical anthropologists adopted Crenshaw’s theory of intersectionality and produced
foundational scholarship on the intersectional perspectives of health and well-being. In
particular, medical anthropologist Leith Mullings, a Black woman and professor at the CUNY
Graduate Center, wrote extensively on the intersecting dynamics of gender, race, and class to
display how healthcare is differentially accessed and experienced. Similarly, mental health
disparities are also produced and sustained through intersectional processes.

In South Africa, poor access and poor quality mental healthcare is a major system by
which intersectional forms of oppression deleteriously impact mental health and raise risk for
depression. In South Africa, the people who need greatest need of mental health services are
least likely to get them (Docrat et al. 2019), which typically include low-income individuals of
color — including Black, Coloured, and Indian racial groups — and identical groups from
immigrant backgrounds, such as Zimbabweans, the Basotho, Mozambicans, etc. (Das-Munshi et
al. 2016; Vearey & Nufiez Carrasco 2010; Williams et al. 2008). There is very low availability
and access to a public psychiatrist, particularly in rural areas, which are overwhelmingly Black,
low-income, and lacks other forms of medical care. For example, there is an average 0.31 public

sector psychiatrists per 100 000 uninsured population in the country (Docrat et al. 2019).
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Unsurprisingly, poor access to healthcare facilities due to distance, functional

impairment, discrimination, and disease morbidity is a major predictor of depression risk (Peltzer
& Phaswana-Mafuya 2012; Rochat et al. 2006; Tomita et al. 2017). Furthermore, the opposite is
also true — greater depression and poorer mental health is associated with poorer healthcare
seeking behaviors and clinic attendance (Nwakasi et al. 2020; Ramirez-Avila et al. 2012), which
could exacerbate the state and prognosis of current conditions, most commonly HIV, TB, and
diabetes (Kagee et al. 2010; Nyirenda et al. 2013; Petersen et al. 2014; Simbayi et al 2007). Here
we see that intersectional oppressive forces of racism, geographic segregation, gender-based
violence, and classism, and other social conditions depending on context, dynamically combine
together to stratify risk of, access to, and resources for preventing and treating mental illness.

In addition to these intersectional dynamics that produce mental health disparities, the
public mental healthcare infrastructure and national mental health policies in South Africa are
also severely limited, which in turn compromise access to healthcare and threaten mental health.
An ambitious and comprehensive mental health policy was written and published in 2014 aimed
at addressing many of the country’s prevalent and burdensome mental health issues, but the
national mental healthcare policy was never funded nor implemented (Docrat et al. 2019).
Limited healthcare infrastructure also creates conditions for chronic medication stockouts and
staff shortages (Docrat et al. 2019), which also limits the number of student psychologists that

clinical training programs can accept and place in South Africa.

Stress, trauma, and depression: intersectional perspectives on a major predictor of depression
Like trends seen in the broader literature (Carr et al. 2013; Paykel 1976; Turner & Lloyd

1995), mental health, and depressive specifically, in South Africa is greatly exacerbated by
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increasing durations and severities of psychosocial stress and trauma (Kaminer et al. 2008;

Kaminer & Eagle 2010; Manyema et al. 2018; Williams et al. 2007; Williams et al. 2008).
Intersectional systems of oppression structure, enforce, perpetuate, and protect against the these
deleterious impacts on health and well-being as well as the ability to successfully overcome
adversity and maintain positive health in South Africa and in afflicted communities across the
world (Bauer 2014; Crenshaw 1999; Evans 2019; Kim et al. 2019; Moodley 2019; Mullings
2014; Schulz & Mullings 2006; Viruell-Fuentes et al. 2012). The modes through which stress
and trauma have politically distributed effects on depression and mental health include a wide
variety of widely-studied social determinants of health. The political project of apartheid, social
technology of “race,” and its widespread management of society both intricately and efficiently
structured societal violence along similar multidimensional dynamics that intersectionality
models, particularly because apartheid and its effects were designed based on politics of identity
(e.g. “race,” class, migration status, gender, etc.) (Beinhart 2001). These legacies of
intersectional oppression strongly persist today (Francis 2019; Klasen & Minasyan 2020;
Moodley 2019). Intersectional experiences of poverty, gender- and sexual-based violence,
everyday violence, and disease are among the most potent and common pathways through which
stress and trauma are faced.

Structured by the strict identity politics of apartheid, the distribution and impacts of stress
on mental health are intersectionally distributed in ways that have greatest adverse effects on
those who resist more systems of oppression at the same time and have resisted these systems
historically (e.g. racism, classism, xenophobia, disability, homo-/transphobia, etc.). Conversely,
those who benefit from holding multiple power-holding social positions (e.g. whiteness,

patriarchy, able-bodied, citizenship, wealth, etc.) are shielded from and are able to weather future
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adversities and maintain good health. For example, in a study of Black cancer patients in Soweto,

I found that male prostate cancer patients who were more likely to have a positive prognosis
were sustained by their physical ability to work and generate income (e.g. ability and wealth),
received adequate familial support and exercise patriarchal roles to request assistant (e.g. social
capital, gender), and who were South African citizens rather than immigrants (e.g. those from
Lesotho, Swaziland, Zimbabwe, etc.) — yet still experienced various forms of racial violence and

economic marginalization as Black African men.

I. Poverty

Poverty is a major determinant of mental illness worldwide, including in South Africa
(Kagee et al. 2010; Lund et al. 2010; Nyirenda et al. 2013). A variety of conditions ranging in
severity, frequency, and time increase an adult’s risk of depression. These include but are not
limited to, conditions of psychological stress (Mungai & Bayat 2019), food insecurity (Tomita et
al. 2019), financial strain (Turbeville et al. 2019), poor healthcare access (Docrat et al. 2019),
unemployment (Elwell-Sutton et al. 2019), elevated disease risk and morbidity (Kim et al. 2020),
racial discrimination and societal inequality (Williams et al. 2008), and histories of sustained
adversity (Mclsaac 2019). All of these conditions have been operationalized as forms of acute
and chronic psychosocial stress, trauma, and/or social adversity and depending on the nature of
the exact stressor, can have distinct effects on raising depressive risk, such as the case of limited
healthcare access in preventing treatment of a comorbidity that may exacerbate depressive
symptoms if not treated (e.g. HIV, TB, diabetes, etc.). Furthermore, these conditions of
intersectional oppression disproportionately affect low-income, Black, migrant, queer, non-

binary, and disabled individuals (Moodley 2019; Moreau 2015).
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II. Violence

Crime and everyday violence have long been perceived as prevalent conditions in South
Africa (Butchart et al. 2000; Louw 1997; Richter et al. 2018; Van Niekerk et al. 2017) and are
major risk factors for depression in the country (Hartley et al. 2011; Jewkes et al.; Martinez et al.
2002; Peltzer & Pengpid 2013; Womersley et al. 2017). Intimate partner, gender-based, and
sexual violence are major issues that disproportionately impact girls and women (Gass et al.
2010; Gibbs et al. 2018; Jewkes et al. 2010; Peltzer & Pengpid 2013), yet the impacts on other
genders and sexualities are also major public health concerns. In particular, sexual violence also
affect boys (sometimes at higher rates), men, and other non-binary genders and non-
heteronormative sexualities (Madu & Peltzer 2000; Meinck et al. 2017). Yet the lack of
awareness and research on their experiences as well as the gendered stigma against victimhood
limits the support of these communities (Madu & Peltzer 2000; Meinck et al. 2017). South
African artist Zanele Muholi writs poignantly of the multi-layered forms of oppression that
structure of lives of Black African lesbian-identifying people and highlights how various
dimensions of racism, homophobia, misogynoir, citizenship, and nationalism affect subjectivity:
“The reality of being black and lesbian in South Africa is that we become ‘outsiders’ inside our
townships or rural communities because there are those who have defined homosexuality in

racial and ethnic terms as ‘un-African’” (Muholi 2004:118-19).

II1. Disease
The extended and multilayered histories of disease epidemics in South Africa pose

numerous threats to mental health, and multiple studies report the depressive impacts of disease
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risk and morbidity (Bosire et al. 2020; Kagee et al. 2010; Kaminer et al. 2008; Kim et al. 2019;

Nyirenda et al. 2013; Petersen et al. 2014; Simbayi et al 2007). States of morbidity, comorbidity,
and multimorbidity with conditions common in South Africa, including HIV, TB, hypertension,
diabetes, and other chronic diseases, are major risk factors for depressive mood and MDD
(Kaminer et al. 2008; Kim et al. 2020; Nyirenda et al. 2013; Petersen et al. 2014; Simbayi et al
2007). This relationship is understood to operate through a multitude of pathways — stress and
other social experiences like disclosure, stigma, and illness experience (Bantjes et al. 2016; Kim
et al. 2020; Tomlinson et al. 2009), biological interactions that increase depressive risk such as
HPA axis dysregulation (Ramkisson et al. 2016) and neuroinflammation from infectious disease
like HIV, TB, and syphilis (Rivera-Rivera et al. 2016; Spies et al. 2018), the economic impacts

of morbidity (Lachman et al. 2014; Lund & Cois 2018).

IV. Positive mental health

South African families commonly experience multiple, intersecting forms of stress,
trauma, and violence simultaneously and also draw from various sources of support — personal,
interpersonal, family, community, religious, political — to continue daily living, maintain health
and well-being, and thrive (Kim et al. 2019). A variety of positive resources and experiences
have been documented to improve depression and health outcomes, including psychological
resources (Somhlaba & Wait 2009), strong ethnic identity and belonging (Hocoy 1998; Norris et
al. 2008), access to medical care (Kim et al. 2019), family and social support (Casale et al. 2015;
Kim et al. 2019), and religion (Copeland-Linder 2006; Kim et al. 2019). These resources and
experiences are understood to lead to positive mental health outcomes due to the health-

buffering, -protective, and/or -promotive impacts on the individual.
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The vast pluralistic landscape in South Africa is home to a multitude of African and international

cultures, thus necessitating a similar medical pluralistic landscape. Traditional medical practice
and therapeutic harmony between traditional ways of healing and biomedicine are important
factors in maintaining health, particularly among non-White communities in South Africa (Burns
& Tomita 2015; Campbell-Hall et al. 2010; Sorsdahl et al. 2009). For example, psychiatric
presentations in many African communities in the country and across the continent are often seen
to have various etiologies, including psychological and biomedical origins as well as cultural,
spiritual, and religious reasons, such as ancestral communication, generational social debt and
guilt, bewitchment, callings for becoming a spiritual healer (intwaso), and others (Egbe et al.
2014; Strumpher et al. 2014). Ancestral, spiritual, and religious systems have massively
important influence across many communities in South Africa, regardless of race, class, gender,
and geography (Kim et al. 2019; Nufiez Carrasco 2015; Palmary et al. 2014). Finally,
psychological services, such as counselling (Petersen et al. 2012a), public mental healthcare
(Marais & Petersen 2015; Lund et al. 2008), and health systems strengthening methods such as
task-sharing (Lund et al. 2020; Petersen et al. 2012b) have all produced deeply therapeutic or

promising impacts on the mental health and well-being of families in South Africa.

Early development: childhood and prenatal exposures

There is substantial evidence that shows that postnatal early life stress is a major risk
factor for depression during adulthood (Heim et al. 2012; Mandelli et al. 2015; Miller et al. 2011;
Taylor et al. 2011). Overall, the literature on early life stress convincingly and consistently
shows that histories of childhood stress and trauma elevate individual risk of developing

depression during adulthood (Carr et al. 2013; Heim & Binder 2012; Hovens et al. 2010;
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Mandelli et al. 2015; Wiersma et al. 2009) and a wide range of other adult health outcomes. For

instance, individuals with histories of childhood trauma and chronic stress across development
exhibit increased behavioral stress reactivity (Oosterman et al. 2019), heightened cortisol
reactivity (Heim et al. 2019), and elevated inflammatory profiles (Miiller et al., 2019) in response
to future stressors.

Much of the work on early life stress and later depressive risk comes from studies of
retrospectively reported experiences of childhood trauma (Bremner et al. 1993; Glaser 2000;
Heim & Binder 2012). A seminal study of health insurance patients at Kaiser Permanente in the
United States greatly advanced medical and public health research on early life stress. This study
showed that past experiences of “adverse childhood experiences” (ACES) strongly predicted a
wide range of high mortality risk chronic diseases in adulthood (Anda et al. 1999; Felitti et al.
1998), including adult depression (Chapman et al. 2004). From this literature emerged recent
pioneering research on the role of childhood trauma on neurobiology and psychiatric disease risk
across the lifecourse into adulthood (Heim & Nemeroff 2001), including stress physiological
mechanisms (such as the HPA and SAM axes, inflammation, and neurobiology) and adult
depression.

South African research on the early life stress effects on adult depression and biology is
rapidly growing. Cross-sectional and longitudinal research has supported the hypothesis that
greater early life adversity will predict greater adult depressive risk (Kim et al. 2020; Manyema
et al. 2018; Sabet et al. 2009; Seedat et al. 2009; Spies et al. 2018) and adverse biological
outcomes, including altered neuroendocrine activity (Seedat et al. 2003; Fearon et al. 2017;

Womersley et al. 2018), greater inflammatory profiles (Ngwepe 2017; Said-Mohamed et al.
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2019), and elevated disease risk (Kagura et al. 2016; McGowan & Norris 2020; Munthali et al.

2016; Munthali et al. 2017; Naidoo et al. 2019).

The overall research patterns seen in human studies of prenatal stress and
intergenerational outcomes follow similar trends to those that have accumulated in animal
studies (O’Donnell & Meaney 2017; Monk et al. 2019). Across the human literature, the existing
literature shows that greater severity of maternal stress during pregnancy generally is associated
and worse mental health outcomes in the next generation, specifically between infancy to late
adolescence (Buffa et al. 2018; Graignic-Philippe et al. 2014; Heim et al. 2019; Huizink & De
Rooij 2018; Karlamangla et al. 2019; McGowan & Matthews 2018; Monk et al. 2019; O’Donnell
& Meaney 2017). These outcomes among infants and children include attention deficit
hyperactivity disorder (Rice et al. 2010), conduct disorders (MacKinnon et al. 2018), and
internalizing disorders like anxiety and depression in adolescents (O’Donnell et al. 2014; Sharp
et al. 2015). Studies on the long-term psychological and biological effects of prenatal stress,
however, become severely limited as participants become older, especially after young adulthood
(e.g. 18 years and older) and are mostly conducted in Western countries. Among these studies,
the long-term effects of prenatal stress that have been documented among adults include major
depression (Betts et al. 2015; DeSantis et al. 2015), anxiety (Betts et al. 2015), and suicidal
behavior (Raleva 2018). A more detailed review of the long-term depressive and biological
impacts of prenatal stress is presented later in this chapter.

What is not well known are biological, developmental, and psychological pathways by
which early stress increases risk for depression during adult. Based on the current literature,
greater severity of childhood trauma is hypothesized to cause durable increases in psychological

and physiological stress reactivity into adulthood and increase one's risk of developing MDD
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(Kendler et al. 2004; McLaughlin et al. 2010) — also known as the “‘stress sensitization

hypothesis.” A growing literature has documented that greater experiences of childhood trauma
can alter the development of key stress physiological mechanisms, such as the HPA axis,
immune system, and brain function, and potentially increase both behavioral and physiological
reactivity to future stressors (Heim et al., 2019; Miiller et al., 2019; Oosterman, Schuengel,
Forrer, & De Moor, 2019). Recent evidence has also reported the long-term impacts of childhood
maltreatment on brain regions such as the amygdala (Dannlowski et al., 2012) and hippocampus
(Opel et al., 2014), which regulate the perceptions of threat appraisal and emotions (e.g. fear,
sadness) and are involved in the pathogenesis of MDD (Teicher et al. 2016). These early life
stress-linked alterations in stress physiology may subsequently predispose individuals to
developing a suite of psychopathologies, including depression. In the following section, I will
describe these major biological mechanisms known to underlie the etiology and course of adult

depression as a result of early stress exposure.

2.3 The biology of early stress and depression: endocrine, neuroinflammatory, biochemical,
genetic, and structural mechanisms

Despite the high prevalence and debilitating burden of depression worldwide (Patel 2010;
Vigo 2016), the pathophysiology of depression lacks clear consensus (Krishnan & Nestler 2010).
Growing evidence shows that childhood adversity, and potentially prenatal stress, increase one’s
risk of developing a variety of physical and psychiatric diseases, including depression
(Baumeister et al. 2016; Danese & Lewis 2017; Miller et al. 2011; Murphy et al. 2017; Kelishadi
& Poursafa 2014; Taylor et al. 2011). The underlying biological pathways that facilitate the long-

term effects of early stress on adult depression, however, are still under investigation (Heim et al.
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2019). In this section, I present the most understood biological mechanisms of early stress and

adult depression in humans with the acknowledgement that this is not a comprehensive and
detailed explanation of the vast and transient literature on the biology of adult depression. I
describe five major biological pathways of adult depression from five distinct yet interrelated
systems: endocrine, neuroinflammatory, biochemical, genetic, and structural mechanisms. This
review takes special attention to the etiological pathways of stress. Additional pathophysiological

mechanisms of depression are listed in Figure 2.

Endocrine pathways: the hypothalamic-pituitary-adrenal axis

Early life postnatal stress is a well-known predictor of altered adult HPA axis function
(Butler et al. 2017; Fogelman & Canli 2018; Schalinksi et al. 2015; Trickett et al. 2010; van der
Vegt et al. 2009). Early life stress is a strong risk factor for altered HPA axis function, which is
characterized by flatter diurnal cortisol rhythms and altered cortisol reactivity to stressful events
(Gustafsson et al. 2010; Heim & Binder 2012; Taylor et al. 2011; Thayer et al. 2018), though the
direction of these relationships has varied across the literature. For example, early life stress is
linked to both higher (Luecken & Appelhans 2006; Schalinski et al. 2015; van der Vegt et al.
2009) and lower levels of basal cortisol (DeSantis et al. 2015; Trickett et al. 2010; van der Vegt
et al. 2009) during adulthood. Early life stress is also related to an altered cortisol awakening
response (Butler et al. 2017; Engert et al. 2011; Fogelman & Canli 2018; Gonzalez et al. 2009)
and evening cortisol levels (Engert et al. 2011; Gustafsson et al. 2010) in adulthood in both
positive and negative directions. Additionally, adults with a history of child abuse and neglect
exhibit altered HPA axis function as evidenced by elevated (Heim et al. 2000; Luecken &

Appelhans 2006; Pesonen et al. 2010; Vaccarino et al. 2015) and blunted levels (Carnuta et al.
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2015; Carpenter et al. 2007; Carpenter et al. 2011; Elzinga et al. 2008; Janusek et al. 2017,

Lovallo et al. 2012) of cortisol reactivity in response to acute, laboratory-based psychosocial
stressors.

Altered circadian HPA axis rhythms and HPA axis reactively has consistently been
characterized as a neuroendocrinological phenotype of depression in animal and human studies
(Adam et al. 2010; Doane et al. 2013; Heim & Binder 2012; Jarcho et al. 2013; Mangold et al.
2011; Vrshek-Schallhorn et al. 2013). Depressed patients and high depression risk adults have
exhibited altered levels of bedtime cortisol and cortisol awakening responses (CAR) (Adam et al.
2017; Engert et al. 2011; Pruessner et al. 2003). For instance, higher bedtime cortisol has been
reported to be characteristic of depression in both adolescents (Angold 2003; Dahl et al. 1991;
Goodyer et al. 1996) and adults (Gold et al. 1988; Plotsky et al. 1998; Young et al. 1994).
Similarly, higher CAR levels have been identified as a prospective risk factor for future MDD
(Adam et al. 2010).

Based on current evidence, early stress-induced changes in HPA axis function
subsequently may alter the output of key stress regulatory hormones, such as corticosteroids (e.g.
glucocorticoids and mineralocorticoids) and catecholamines (e.g. epinephrine, norepinephrine,
and dopamine). The effects of early stress on a collection of stress physiological mechanisms,
including the HPA axis, are hypothesized to lead to the development of a vulnerable phenotype
that causes adults to have an increased sensitivity to future stress, which in turn, elevates their
risk for a range of mental illnesses (Heim & Binder 2012). These lasting effects of early stress on
stress regulatory mechanisms like the HPA axis closely reflect key neuroendocrine features of
adult depression. For example, in one study of adults living in metro Atlanta, adults with

histories of child abuse exhibited patterns of HPA axis hyperactivity that mirrored similar
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neuroendocrine, inflammatory, neuroanatomical, and behavioral patterns to those of depressed

individuals (Heim et al. 2008; Heim & Binder 2012). Although not all depressed patients display
HPA axis dysregulation (Heim et al. 2008), alterations in cortisol activity are thought to
influence depression, possibly as a result of inflammation caused by glucocorticoid receptor
insensitivity (Miller et al. 2009) and impairment of glucocorticoid-mediated negative feedback

processes of the HPA axis (Pariante & Lightman 2008).

Neuroinflammatory and microbial pathways

Inflammatory processes have strongly been implicated in influencing the development of
depressive symptoms (Danzter et al. 2008; Miller & Raison 2016) through a variety of pathways
related to psychosocial stress and the inflammasome, micro- and astroglial activation in several
brain regions, cytokine modulation of neurotransmitter levels, altered neurocircuitry (Miller &
Raison 2016). Growing evidence has found that chronic and early life stress may elevate
circulating inflammatory (Danzter et al. 2008; Miller et al. 2011), possibly due to greater HPA
axis resistance and alterations in the inflammatory-regulating role of cortisol and also stress-
initiated changes in metabolic function, which has shown to activate central and peripheral
macrophages (Leonard & Myint 2009). Additionally, research has shown that chronic stress-
induced hypercortisolism and inflammation initiates a cascade of molecular changes that alter the
function of the serotonergic system, specifically the downregulation of serotonin turnover, which
is a major endophenotype of depression and anxiety (Leonard & Song 1999; Leonard 2001).
Some evidence suggests that adult depressed patients exhibit elevations in pro-inflammatory

factors and decrease in anti-inflammatory factors (Myint et al. 2005; Leonard & Myint 2009).
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The relationships between stress, inflammation, and depression, however, are still relatively

unknown and a ripe area of biobehavioral and depression research.

Evolutionary perspectives also suggest that the lack of minimally infectious, tolerogenic
microbiomes buffered an adaptive inflammation bias necessary for rapid pathogen defense and
corresponding depressive symptoms that promoted healing (Rook & Lowry 2008). Early
ancestral environments hosted a diverse world of microorganisms and parasites, and evolutionary
pressures derived from a human co-evolution with these pathogens, in addition to predators and
other conspecifics. Consequently, humans are believed to have developed both a heightened
immunological response that was kept in balance by exposure to minimally pathogenic,
tolerogenic microbes (i.e. “old friends) that suppressed inflammatory responses to allow
tolerance of these “old friends” and secrete anti-inflammatory cytokines (i.e. IL-10, TGF-p)
(Rook & Lowry 2008; Raison & Miller 2013). Empirical models and clinical trials that test the
effects of “old friends” microbial exposure have shown promising treatments against allergies
(Okada et al. 2010), autoimmunity (Janssen et al. 2016), and intestinal inflammation (Ramanan
et al. 2016). Additionally, the gut microbiome is known to have a crucial role in the development
and functionality of innate and adaptive immune responses (Round et al. 2010). The physical and
psychological symptoms elicited by pro-inflammatory cytokines when presented in high levels
also have considerable overlap with the characteristic symptoms of depression. These include
low mood, changes in sleep and diet, decreased libido, and decreased social interactions

(Leonard & Myint 2009).
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Biochemical pathways: the monoamine hypothesis

The monoamine hypothesis represents the predominant biological theory of depression in
psychiatry and medicine (Belmaker & Agam 2008; Boku et al. 2017; Cosci & Chouinard 2019;
Jesulola et al. 2018; Liu et al. 2017). The hypothesis posits that “the reduced availability of these
major monoamine neurotransmitters (serotonin, norepinephrine, and dopamine) results in
decreased neurotransmission and impaired cognitive performance which may lead to depression”
(Jesulola et al. 2018:82). Evidence for this hypothesis emerged after studies found that inhibitors
of the enzyme monoamine oxidase, catabolizes norepinephrine and serotonin — two well-studied
monoamine neurotransmitters in mammals — in the presynaptic neuron before neurotransmission,
corresponded with antidepressant outcomes (Belmaker & Agam 2008).

The monoamines that are currently understood to contribute to the etiology of depression
include norepinephrine (both a stress regulatory hormone for the autonomic nervous system and
a neurotransmitter known to modulate prefrontal cortex function, the processing of short-term
and emotionally-stimulating memories, and behavior and attention (Maletic et al. 2017),
serotonin (the largest cohesive neurotransmitter network in the brain that has wide ranging
modulatory effects, including mood, cognition, learning, reward, memory, and many
physiological functions around the body), and dopamine (involved in the modulation of reward,
motivation, memory, and attention) (Delgardo & Morena 2006). Given their relevant roles in
influencing the major symptoms of depression, these monoaminergic systems have become
instrumental in elucidating the pathophysiology of depressive symptoms including fatigue, low
mood, low interest and motivation, and psychomotor alterations (Delgardo & Morena 2006;

Jesulola et al. 2018; Maletic et al. 2017).
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The functional impairments of monoamine depletion operate through the catabolic effects

of monoamine oxidases in the synaptic cleft, which results in a lowering of available monoamine
neurotransmitters and decreased neurotransmission characteristic of depression (Belmaker &
Agam 2008; Nemeroff 2008). This mechanism provides the basis for the use of monoamine
oxidase inhibitors in antidepressants, as a method to replenish available monoamine
concentrations (Coppen 1967). Additionally, more recent evidence suggests that
characteristically greater stress reactivity among depressed individuals may encourage certain
neurotransmitters, including histamine, glutamate, and norepinephrine) to interact and decrease
the production of serotonin (Strawbridge et al. 2017). Other molecular pathways involved in
decreasing the efficacy of monoamine pathways include decreased protein transport function
(involved in facilitating the presynaptic reuptake of neurotransmitters) and altered receptor
sensitivity on pre/post-synaptic neurons (Jesulola et al. 2018).

Recently in the past two decades, scientists have challenged the monoamine hypothesis
after consistently noting several shortcomings of the framework. Three major criticisms have

emerged (Liu et al. 2017):

1) The rapid rise of serotonin concentration in the synaptic cleft is inconsistent with the
clinical delayed onset of antidepressant efficacy’

2) Reducing serotonin levels in synaptic cleft through tryptophan depletion or protein
transporter enhancers did not induce depression in healthy adults, which was contrary
to the monoamine depletion seen in depression.

3) Individuals with the / allele of 5S-HTTLPR, coding for greater serotonin transport

proteins and in turn, greater reuptake of synaptic serotonin, have exhibited reduced
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risk of depression or better prognosis than allelic variants associated with decreased

protein transport activity (s allele).

Additionally, as argued by leading American neuroscientists: “there is little evidence to
implicate true deficits in serotonergic, noradrenergic, or dopaminergic neurotransmission in the
pathophysiology of depression. This is not surprising, as there is no a priori reason that the
mechanism of action of a treatment is the opposite of disease pathophysiology” (Krishnan &
Nestler 2010:3). Building off of these criticisms, scientists have proposed new theories to explain
the pathophysiology of depression. This includes the neuroplasticity hypothesis and the
neurogenesis hypothesis of MDD, both of which explain decrease in hippocampal volume (Boku
etal. 2017; Liu et al. 2017). Briefly, neuroplasticity hypothesis explains how brain
morphological alterations due to shortening of dendrites and decreased density of dendritic
spines shrink the hippocampus and alters function. And the neurogenesis hypothesis posits that
lower neurogenesis in the dentate gyrus lowers hippocampal volume (Boku et al. 2017).

Decreased hippocampal volume is a key characteristic of MDD and the hippocampus is
integral in regulating the negative feedback loop of the HPA axis. Adults who exhibit greater
cortisol concentrations, due to chronic stress or because of a cortisol-elevating disease like
Cushing’s syndrome, tend to exhibit smaller hippocampal volume. Ablations of the dorsal
hippocampus or lateral fornix (the conduit of communication from hippocampus to the
hypothalamus) have also shown to alter diurnal cortisol rhythms and elevate basal
concentrations. In sum, a tight relationship between stress, the hippocampus, and HPA axis may
trigger a negative neuroendocrine spiral that may underlie the pathophysiology of MDD and

introduce new theories of the biology of depression.
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Genetic and epigenetic pathways

Intergenerational studies of depression report heritability estimates of approximately 30-
40% (Kendler et al. 2006; Wray & Gottesman 2012). Candidate gene analyses have strongly
implicated single nucleotide polymorphisms (SNPs) in target genes. While numerous sites are
known contributors of depression (Kendler et al. 2006; Krishnan & Nestler 2010), two genes
have been repeatedly implicated in the genetics of adult depression — 1) GNB3 (guanine
nucleotide-binding protein-3) — coding for modulators and transducers in various transmembrane
signaling systems (Yang et al. 2013) — and 2) MTHFR (methylene tetrahydrofolate reductase)
(Shyn et al. 2010 — involved in the production of enzymes that allow for the reaction that
produce methyl groups involved in loci-specific and global epigenetic activity (Wan et al. 2018).
Genome-wide association studies (GWAS) have identified novel molecules [e.g. piccolo (a
presynaptic nerve terminal protein), GRM7 (metabotropic glutamate receptor-7), etc.] (Krishnan
& Nestler 2010), yet the statistical flaws and poor replicability of GWAS methodologies pose
major caveats to the validity of these results (Meaney 2010).

Research on adults with histories of childhood stress and trauma has reported altered
patterns of DNA methylation in genes that are involved in regulating the function and sensitivity
of neural development, neurotransmission, neuroendocrine stress response systems, including the
HPA and SAM axes (Albert & Benkelfat 2013; Cecil et al. 2020; Heim & Binder 2012; Kinnally
etal. 2011; Korosi et al. 2012; Mehta et al. 2013; Raabe & Spengler 2013). The long-term
depressive effects of early life stress have been understood to be facilitated by epigenetic
regulation of downstream biological pathways involved in the pathophysiology of adult

depression (Heim & Binder 2012; Park et al. 2019; Smith et al. 2013). Generally, an association
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between greater levels of early life adversity and differential DNA methylation has been reported

(Cecil et al. 2020; Jawahar et al. 2015; Kinnally et al. 2011; Park et al. 2019; Turecki & Meaney
2016). Many studies focus on methylation profiles among specific genetic loci involved in
neuronal development (e.g. BDNF, KITLG, etc.) HPA axis regulation (e.g. NR3CI, FKBPS5,
BDNF, CRHRI, etc.), neurotransmission (e.g. AVP, SHTTR, OXTR, SLC6A44, etc.).

Evidence in human studies suggest that differential methylation in key HPA axis-related
regulatory genes (Table 1) in adulthood is associated with adult hormonal, inflammatory, and
neurotransmitter levels in human saliva, blood, and cerebral spinal fluid (Albert & Benkelfat
2013; Heim & Binder 2012; Keller et al. 2017; Smith et al. 2011; Uddin et al. 2015). Sustained
changes in circulation of these molecular regulators of human stress physiology, such as
corticosteroids, catecholamines, and stress-related peptide hormones like corticotropin-releasing
hormone and adrenocorticotropic hormone, are characteristics of stress-induced adult depression
and resilience (Feder et al. 2009; Nantharat et al. 2015; Southwick et al. 2005). Research shows
that differential methylation of stress response genes may contribute to the lasting effects of early
life stress, alter production and regulation of neurotransmission and stress-related
neuroendocrine factors, and increase one’s disease risk and susceptibility to neuropsychiatric
conditions across the lifespan (Heim & Binder 2012; Jawahar et al. 2015; Khulan et al. 2014;

Lutz et al. 2015; Provencal & Binder 2015).

Structural pathways
Structural alterations in the brain represent another major neuropathological mechanism
of depression. Scientists have largely focused on the cortical and hippocampal regions of the

brain. In structural magnetic resonance imaging (MRI) and postmortem studies, these regions
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exhibit subtle atrophy in depressed individuals, which is a result of a smaller neurons, lower

dendritic density and neurotrophic factor concentration, and fewer glial cells in these regions. An
integration of recent neuroanatomical data suggests a collection of major “circuits” in the brain
precipitate the emotional symptoms of depression.

Two major heuristics have emerged: a) an amygdala-centric circuit (Savitz & Drevets
2009) and b) a model developed from functional imaging studies (Mayberg 2009). The
amygdala-centric circuit — largely informed by structural imaging and postmortem data —
suggests that the functional impairment of the striatum, prefrontal cortex, and orbital prefrontal
cortex produce the emotional characteristics of depression. Additionally, dysregulation of the
prefrontal cortical networks potentially caused by a functional hypersensitivity of the amygdala
represents another pathway that shapes the emotional characteristics of the disease.

The second heuristic suggests that four clusters of anatomically-connected brain regions,
each representing four major depressive endophenotypes — 1) exteroceptive, 2) interoceptive, 3)
mood-monitoring, and 4) mood-regulating, represent the brain circuits that produce the major
symptoms of depression. Importantly, Krishnan & Nestler (2010) caution that these simplified
heuristics do not fully capture the heterogeneity within the molecular, neurotransmitter, and
cellular pathways of brain circuits. The neurobiology of depression using the latest technological
and analytical techniques hold massive promise for elucidating the structural roles and pathways

of stress and depression.
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Figure 2. Additional biologic theories of the pathophysiology of depression (Belmaker & Agam
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2.4 Developmental origins of adult HPA axis function and depression: Early life and

intergenerational effects

Recent theoretical advancements in developmental biology, public health, psychology,
and medicine have introduced new hypotheses to understand the mechanisms that drive the
emergence of physical and mental illnesses across the lifecourse. This framework has become
known as the “developmental origins of health and disease (DOHaD),” which argues that the
quality of early life conditions, particularly those that occur during fetal development, are strong
predictors of future developmental biology, health, and disease risk across one’s lifecourse
(Barker 1990; Kuzawa 2005; Worthman & Kuzara 2005). The DOHaD framework first emerged
after seminal findings in epidemiology identified that intrauterine conditions, such as fetal
undernutrition and stress, were important predictors of adult cardiovascular and metabolic
disease in the next generation (Barker et al. 1989; Barker et al. 1993). Since Barker’s seminal
findings, DOHaD has become a burgeoning field of study in various disciplines, including
biological anthropology, biology, public health, and medicine, and DOHaD research has
highlighted the major role of early stress, intrauterine conditions, and external environments in
durably shaping a wide range of biological and phenotypic outcomes across the child’s lifecourse
(Kuzawa et al. 2007; Kuzawa & Quinn 2009; McDade 2012; O’Donnell & Meaney 2017; Said
Mohamed et al. 2018). The developing organism depends on environmental inputs to calibrate
one’s biology and behavior, which has corresponded with the development of sophisticated
stress-sensitive ontogenetic structures throughout evolution (West-Eberhard 2003).

The long-term developmental effects of early stress exposure represent a larger process
of human adaptability that biological anthropologists and other developmental researchers know

as “phenotypic plasticity.” Biologist Mary Jane West-Eberhard defines as phenotypic plasticity



66
as “the ability of an organism to react to an internal or external environmental input with a

change in form, state, movement or rate of activity” (West-Eberhard 2003:33). Developmental
plasticity, a form of phenotypic plasticity, is a process that allows organisms to adjust their
physiology and developmental trajectories based on timescales of adaptation that are too slow
and too chronic for homeostasis and genetic natural selection to address, respectively (Kuzawa &
Pike 2005). As Kuzawa and Pike (2005:225) state, “these mechanisms [of developmental
plasticity] can be viewed as allowing the organism to fine-tune structure, function and regulatory
set points to match the needs imposed by an individual’s idiosyncratic behavioral patterns,
nutrition, stress and other environmental experiences, none of which can be anticipated in detail
by the genome inherited at conception.” For instance, while genetic change via natural selection
allows organisms to respond to longer-term environmental signals, such as environmental stress,
maternal trauma, and molecular signals, phenotypic plasticity allows for more rapid adjustments
to environmental changes that occur over shorter timescales (Kuzawa & Thayer 2011). DOHaD
has both emerged out of and developed alongside and this broader theoretical framework of
organismal development and lifecourse health and provides a strong theoretical framework to
elucidate how and why maternal experience influences intergenerational outcomes in biology
and health.

The role of fetal development as period of intergenerational signaling and major predictor
of future health and biology is a recent and burgeoning area of research focus in biological
anthropology, developmental biology, and medicine (Blake 2018; Kuzawa 2020; Kuzawa &
Thayer 2011; McKerracher et al. 2020; Mulligan 2016; Norris et al. 2012). Because gestation is a
developmental period when the fetal environment is the mother’s body (Mastorakos & Illias

2003), such as maternal nutrition or stress, the transmission of environmental influences
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operating through maternally-mediated biological but non-genetic pathways — a proposed

mechanism of stress-initiated developmental plasticity — is possible (Love & Williams 2008;
Beydoun & Saftlas 2008; Kuzawa & Quinn 2009). A growing yet powerful body of scholarship
from DOHaD and other scholars suggests that psychosocial stress and social adversity
experienced early in life, and possibly during gestational development, may increase one’s risk
of mental illness during their adulthood and among reproductively aged women, may influence
the gestational environment experienced by the next generation, thereby influencing
grandoffspring development. Thus, maternal exposures during gestation may not only affect their
developing children but also affect the health and biology of subsequent generations - thus
describing a possible intergenerational mechanism for stress transmission (Kuzawa & Sweet

2009; Kuzawa 2020).

The hypothalamic-pituitary-adrenal (HPA) axis

Understanding the basic structure and function of the primary physiological system of
stress regulation is necessary to understand its role in shaping offspring stress functions and
physiological outcomes. The HPA axis is a collection of structures that produce and facilitate a
complex set of dynamics across three endocrine glands: the paraventricular nucleus (PVN) of the
hypothalamus, the anterior lobe of the pituitary gland, and the adrenal gland. The HPA axis
serves as the major neuroendocrine system that controls the stress (“fight-or-flight™) response
and regulates a variety of downstream physiological processes which represent adaptive
responses to stress, including the immune system, energetics, osmoregulation, and behavior,
among other adaptive processes. These processes occur as a result of the alteration of the HPA

axis via expression of hypothalamic corticotropin-releasing factor (CRF), which stimulates the
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secretion of adrenocorticotropic hormone (ACTH) in the pituitary glands. ACTH travels through

the bloodstream and stimulates the zona fasciculata in the adrenal glands, which in turn produces
glucocorticoids, cortisol being the most well-known and well-studied glucocorticoid. The HPA
axis is present in vertebrate animals, derives from a deeply conserved system of homeostasis, and
mediates the effects of environmental exposure in organisms both in the same and next
generation, as discussed below (Denver 1999; Denver 2009).

Cortisol circulation during times of stress initiates a suite of adaptive responses, such as
increased blood pressure, dilated pupils, and the mobilization of fat storages for energy. The
changes in basal cortisol levels and HPA axis activity among offspring has been interpreted as a
possible adaptation to environmental stressors experienced by the mother during gestation and
potentially due to stressors experienced throughout her lifecourse (Berghénel et al. 2016; Glover
2011; Sheriff & Love 2013; Thayer et al. 2018). Studies across various vertebrate species have
shown that the mother’s past and current experiences may intergenerationally shape the
phenotype of her offspring through HPA axis pathways without genetic changes. For example, in
the case of the European starling, maternal quality was indirectly related to maternal baseline GC
and yolk GC levels, which led to smaller size at birth, slower growth, and increased early
postnatal mortality. Though the resultant offspring phenotypes consisted of negative health and
physiological outcomes, male starlings paired with low-quality mothers exhibited greater fitness
characteristics compared to control pairs (Chin et al. 2009; Love et al. 2008).

Additionally, in an impressive 10-year naturalistic study of snowshoe hares, prenatally-
stressed mothers gave birth to fewer and smaller progeny with higher stress reactivity during a
period directly preceding low predator risk (Sheriff et al. 2009). This stands in contrast to

prenatally-stressed mothers who gave birth to similar offspring during a period of high predator
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density (Sheriff et al. 2011). These examples highlight the role of the HPA axis in

physiologically responding to environmental conditions and also the adaptive potential of the
system for organisms and their offspring, though more theoretical and empirical work is needed
to determine the evolutionary significance of these intergenerational effects and the extent to
which these outcomes are adaptive and/or pathological.

As the HPA axis-mediated stress response was designed to respond to short, intermittent
stressors, chronic activation of the HPA axis through repeated stress exposure can lead to
maladaptation of the stress response, also known as HPA axis dysregulation, leading to toxic
effects on tissues throughout the body that contribute to the onset of disease (Sapolsky 2000;

Charmandari et al. 2005).
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Animal studies: Early stress, HPA axis function, and behavior

The study of the fetal origins of adult neuroendocrine activity and mental health has
become a major focus of developmental, biological, and medical research over the past three
decades. Decades of animal-based research in non-mammalian and mammalian vertebrate
studies, especially research on murine species and non-human primates, strongly suggest that
maternal prenatal stress and postnatal early life adversity are potent risk factors for altered
postnatal neuroendocrine activity and later life psychiatric outcomes (Circulli et al. 2009; Glover
et al. 2010; Maccari et al. 2003; Monk et al. 2019). Between the 1970s and early 2000s,
researchers studying the HPA axis in mice models gathered strong evidence on the prenatal
stress-linked elevations of basal corticosteroids - a steroid hormone that is homologous to the
stress and metabolic hormone in humans known as cortisol - corticosteroid reactivity to
laboratory stressors, and decreased sensitivity of the negative feedback process in the HPA axis
(Francis et al. 1999; Fride et al. 1986; Joffe 1978; Maccari et al. 1995; Meaney 2001; Welberg &
Seckl 2001). Furthermore, greater prenatal stress has been found to alter stress neurocircuitry in
mice, altering corticotropin-releasing factor (CRF), a major peptide hormone of the HPA axis, in
the amygdala and glucocorticoid receptor expression in the hippocampus (Weinstock 2008),
which are major correlates and precursors to adverse cognitive outcomes in offspring across the
lifecourse, including depression- and anxiety-like behaviors (Weinstock 2008).

While rodent-based research has largely informed our current understanding of the
biobehavioral effects of early life stress, rodent models present major limitations in comparison
primate and human biology (Parker & Maestripieri 2011). The HPA axis development of rodents
as well as the neurobiological substrates of cognitive-based behavior and emotion regulation are

drastically different compared to both nonhuman and human primates (Preuss 1995; Ongur &
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Price 2000). Conversely, experimental and naturalistic studies of non-human primates have made

major contributions to current understandings of resilience among humans, particularly in the
form of behavioral, developmental, and increasingly, biological perspectives. The close
evolutionary relatedness, shorter lifespan, and complex sociality of primates make them an
excellent animal model to study the social and biological contributions to behavior and health
(Parker & Maestripieri 2011). Additionally, the extended postnatal maturation period of primates
provides ample time for developing neurobiological systems to be shaped by one’s experience
(Nelson & Bloom 1997).

Compared to rodent studies, the literature on captive and wild non-human primate have
similarly documented long-term offspring neuroendocrine and psychological impacts due to
prenatal and postnatal stress across a variety of species (Meyer & Hamel 2014; Parker &
Maestripieri 2011). Substantial evidence shows that greater prenatal stress in non-human primate
samples correspond with altered offspring HPA axis reactivity (Clarke et al. 1994; Coe et al.
2003; Murray et al. 2016; Uno et al. 1994) and social behavior across the offspring’s lifecourse
(Bardi & Huffman 2005; Bauman et al. 2014; Hauser et al. 2008; Hijab et al. 2017), though
results on offspring behavior are mixed (Schiilke et al. 2019). The effects of postnatal early life
stress are similar to the literature on prenatal stress in non-human primates. For instance, one
prominent study of captive mother-infant rhesus macaques found that repetitive maternal
separation between the ages of three to six months resulted in in mother-infant interactions,
increased anxiety-like behavior, increased cortisol reactivity in female infants, and flattened
diurnal cortisol slopes at 12 months (Sanchez et al. 2005). Finally, a recent prospective study in
wild female baboons reported that early adversity strongly predicted raised fecal glucocorticoid

levels in adulthood (Rosenbaum et al. 2020).
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The general positive association between early stress and later-life cortisol function and

mood may represent a broader phylogenetic trend across vertebrate species. A recent meta-
analysis that assessed findings from 14 vertebrate species found small-to-moderate effects of
maternal prenatal stress on offspring levels of glucocorticoids — a class of corticosteroids — after
an environmental or laboratory stress exposure (Thayer et al. 2018; Figure 1). Given the
consistent trend in the intergenerational effects of stress seen across species, as the authors

speculate that this development response may have deeper evolutionary implications:

“These findings are therefore consistent with an ancient vertebrate origin of HPA-axis
programming, and suggest that such effects may have been selected for to mediate intra-
specific variability in life history strategy. Given the similarities in programming capacity
across vertebrates, this suggests that both mammalian and non-mammalian model
organisms may be appropriate for developing a detailed understanding of prenatal

programming of HPA-axis function in humans.” (Thayer et al. 2018:5).

While findings from vertebrate studies highlight the vast variation in the durable effects
of prenatal stress due to several qualities of the exposure (e.g. timing, duration, severity, type,
social rearing environment, and the ecological validity of the stressor) (Glover et al. 2010; Parker
& Maestripieri 2011), the overall trend in studies of vertebrate studies generally shows that
greater maternal prenatal stress is associated with altered HPA axis function and adverse
behavioral patterns across the offspring’s lifecourse. Decades of animal research have greatly
informed and advanced our understanding of the long-term intergenerational impacts of maternal

prenatal stress in humans. In the following section, I describe the phylogenetic development of
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the HPA axis in vertebrates and explain the functional roles and pathways of the major

neuroendocrine hormones that orchestrate the system.
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Figure 5. This figure highlights the evolutionarily conserved nature of heightened infant cortisol
reactivity as a result of increased maternal prenatal stress. The following graph shows results
from a meta-analysis on the impacts of prenatal stress on offspring cortisol reactivity across 14
mammalian species, which highlights a positive effect size, suggesting the deeply conserved

adaptive qualities of this system (Thayer et al. 2018).
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2.5 Intergenerational mechanisms of prenatal stress, adult HPA axis function, and mental

health
Phylogenetic evolution of the vertebrate HPA axis: structure and function

The key structure and functions of the human HPA axis were likely already active among
the earliest vertebrate species and have since been maintained by natural selection (Denver
2009). These include the presence of an HPA axis-like physiology, chemical products including
corticosteroids (e.g. glucocorticoids and mineralocorticoids) and their corresponding receptors,
and characteristic functions such as the stress response and recovery. The ancient origins of the
HPA axis anatomy are reflected by the many genes of the HPA axis present in extant
urochordates and cephalochordates and are seen to predate chordates (Stefano et al. 2002;
Lovejoy & Jahan 2006). Additionally, the presence of tissues capable of corticosteroidogenesis is
found in vertebrates as early as chondrichthyes (Wendelaar 1993). In a majority of more recent
vertebrate species, corticosteroidogenic tissues form distinct organs called interrenal glands,
which are the mammalian equivalent to the adrenal glands, begin to appear (Norris 2006).
Overall, the production of CRF-like neuropeptides in the hypothalamus and its downstream
effects of ACTH and corticosteroid release are seen across all vertebrate models in the literature.

Stress-induced expression of CRF genes is likely to have developed in the early stages of
vertebrate evolution. Stress exposure increased CRF mRNA concentrations in the pre-optic area
(POA) of the hypothalamus and elevated CRF levels in systemic circulation of teleosts (Yao &
Denver 2007; Dautzenberg & Hauger 2002). Similarly, immediate increases in CRF
heteronuclear RNA (hnRNA; a form of pre-mRNA), CRF mRNA, and CRF peptides were
reported in the POA/hypothalamic neurosecretory neurons of rodents and frogs (Yao & Denver

2007). Several molecular mechanisms involved in stressor-dependent activation of CRF-like
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peptide genes are also seen to be conserved across vertebrates. These include high sequence

similarity of the promoter regions of CRF genes and transcription binding sites, cAMP activation
of the CRF genes, expression of the transcription factor Fos via the protein kinase C pathway,
and the upregulation of nerve growth factor induced gene B (NGFI-B), which has been
implicated in the regulation of CRF gene expression (Yao & Denver 2007).

Stress regulation has also been conserved and plays an important adaptive role in
homeostatic control, particularly in mammals (Denver 2009). GCs negatively regulate the
hypothalamic PVN and the anterior pituitary by directly acting on the CRF neurons to reduce
CREF synthesis and release and on corticotropes to decrease synthesis of pro-opiomelanocortin
(POMC) and downstream release of ACTH (Fulford & Harbuz 2005). While the process of
negative feedback is well-documented in mammals, research on GC feedback processes in non-
mammalian species are sparse (Denver 2009). The limited data on non-mammalian species,
however, align with findings on mammalian stress biology that strongly support GC regulation
of hypophysiotropic CRF neurons (Denver 2009). For example, in frogs (Xenopus laevis), in
vitro and in vivo studies confirmed that proximal CRF promoters are negatively regulated by
GCs and that the composite genetic sites for the glucocorticoid response element for the activator
protein-1 transcription factor are both structurally and functionally conserved in the frog genes
(Stenzel-Poore et al. 1992). Additionally, several studies of teleost fishes have shown negative
regulation of CRF by GCs, though the molecular mechanisms are unknown (Bernier et al. 2004;
Denver 2009). Collectively, these studies suggest that characteristic functions of stress regulation
have been evolutionarily maintained (Thayer et al. 2018), though more studies in non-
mammalian vertebrates are necessary to confirm the likelihood of phylogenetic conservation

(Denver 2009).
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A clear lineage of HPA axis development and persistence across vertebrate evolution

emphasizes its critical role in animal survival and maintenance. When looking at the patterns of
intergenerational stress transmission, the strong phylogenetic conservation of HPA axis function
is seen to extend beyond a single generation of an organism into the stress physiology of the
developing fetus and future offspring. That is, the dynamics of the HPA axis, namely the effects
of CRF and GCs, shape the phenotype of offspring during development and are seen to have

similar adaptive qualities that have been conserved across vertebrate evolution (Denver 2009).

Developmental effects of CRF and corticosteroids

Both CRF and GCs play essential roles in mediating an organism’s interaction with and
embodiment of the environment during ontogenesis. CRF and CRF-like peptides, such as
urocortin (a protein whose corresponding gene is a homologue to the human CRF’ gene),
orchestrate behavioral, morphological, and physiological homeostatic responses to the shifting
conditions of the environment. Corticosteroids exhibit similar environmental regulatory
functions to CRF. As mentioned earlier, corticosteroid levels increase as part of the stress
response across taxa. Corticosteroids mobilize energetic resources and elevate metabolic rate as
an adaptive, urgent response to drastic stress exposure (Wingfield et al. 1998). Glucocorticoids, a
particular class of corticosteroids, are commonly identified as “stress” hormones, though a
primary metabolic function of baseline GCs is to regulate circulating glucose levels (Sapolsky et
al. 2000). Additionally, elevated GCs levels mobilize energy stores during life stage transitions
and facilitate responses to environmental shifts (Sheriff & Love 2012). These multifaceted and

adaptive roles emphasize the functions of CRF and corticosteroids as key players of larger
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homeostatic mechanisms and evolution (Crespi & Denver 2005). Their role as ancient,

developmentally significant signaling molecules for offspring ontogenesis is distinct.

Corticotropin-releasing factor

The interesting work on the environmental regulation of larval amphibian development
provides a clear example of the adaptive role of CRF in mediating the relationship between
environmental stress exposure and offspring early life development. Denver (1988) was the first
to implicate CRF in altering metamorphosis via neuroendocrine regulation of the HPA/I
(interrenal) axis and the HPT (hypothalamic-pituitary-thyroid) axis when he found that CRF
stimulates thyroid stimulating hormone (TSH) in frog pituitaries. CRF-induced TSH release is
seen across most species of non-mammalian vertebrates (De Groef et al. 2006). CRF was also
found to play a role in accelerating metamorphosis by acting on T3 thyroid hormone, a well-
known factor in controlling metamorphosis, and corticosteroid production (Boorse & Denver
2003). Similar accelerating effects of CRF were seen in tiger salamanders. Ovine CRF-treated
larvae achieved metamorphosis faster than saline-injected larvae (Boorse & Denver 2002).

CREF is also known to consistently vary across numerous life stage transitions across
species. For example, CRF has been reported to increase during smoltification, the transition
from living in freshwater to saltwater, in the POA of Atlantic salmon compared to non-smolting
salmon. In chickens, hypothalamic levels of CRF mRNA declined before hatching then increased
after hatching (Lu et al. 2008; Vandenborne et al. 2005). Finally, CRF gene expression in rodents
is seen to increase towards parturition and decrease afterwards (Baram & Lerner 1991), yet the

role of CRF on stimulating parturition is unclear (Funai et al. 2000). Similar to amphibian
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development, CRF plays a key role in shaping maturational tempo and key life stage transitions

across taxa but its intricate organizational effects are beyond the scope of this paper.

Corticosteroids

Corticosteroids play similar developmental roles as CRF in vertebrate species.
Glucocorticoids, a class of corticosteroids, seem to be more involved in hatching and parturition.
Corticosterone peaks before hatching in birds (Scott et al. 1981; Frigerio et al. 2001) and reptiles
(Jennings et al. 2000; Medler & Lance 1998), and some researchers suggest that corticosterone
may be required for hatching in oviparous species. Corticosterone injections in turkey embryos
increase hatching success and decrease incubation periods. Tree lizard-treated eggs hatch
significantly faster. “Large” egg fish species like salmon also increase ACTH and cortisol around
hatching. Conversely, “small” egg fish such as sea bass and the gilthead sea bream exhibit low or
declining corticosterone levels until hatching (Perez et al. 1999; Szisch et al. 2005). Wada (2008)
interprets this trend in fish as a potential effect of life history strategies, with larger and fewer
offspring-generating fish already having a mature HPI axis, which results in a GC-involved
initiation of hatching. Fetal GCs release also initiates a complex cascade that leads to parturition.
ACTH and fetal GCs spike prior to birth across numerous animals species, including rodents
(Martin et al. 1977; van Baelen et al. 1977), sheep (Bassett & Thorburn 1969; Maclsaac et al.
1985), pigs (Heo et al. 2003), and humans (Yoon et al. 1998; Murphy & Clifton 2003).

Kikuyama et al. (1993) found that corticosteroids also interact with amphibian larval
thyroid hormone (T3) to accelerate metamorphosis, which implicated corticosteroids in faster
maturation. This idea was further supported by studies that reported that stressful environmental

conditions known to elevate corticosteroid levels, such habitat desiccation, crowding, and
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resource restriction, also accelerated metamorphosis (Denver et al. 2002). Flatfish larvae also

exhibited faster maturation when treated with ACTH or corticosterone injections in conjunctions
with thyroid hormones (Brown & Kim 1995). Importantly, the developmental effects of these
neuroendocrine hormones were temporally dependent for tadpoles. Adverse environmental
conditions experienced during premetamorphosis slowed tadpole development, which was
mediated by elevated corticosteroids (Glennmeier & Denver 2002). In contrast, environmental
stress (i.e. water volume reduction and food restriction) is associated with accelerated
metamorphosis closer towards the metamorphic climax, also mediated by elevated corticosterone
and CREF levels (Denver 1997a; Denver 1998). These neuroendocrine-mediated shifts in
maturational tempo play an adaptive role in maximizing survival for this species of Western
spadefoot toad tadpoles, which are found in desert ecosystems. Overall, these data on hatching,
parturition, life stage transitions, and maturational tempo emphasize the central role of the HPA
axis in facilitating the environmental regulation of organismal development as well as its
potential evolutionary significance.

In the following sections, I describe the stress physiological mechanisms that are
understood to facilitate the long-term impacts of prenatal stress across the lifecourse, with a
particular focus on the HPA axis. I begin with a description of pregnancy and various stress-
sensitive in utero mechanisms including fetal growth and preterm birth. I then review the
literature on the effects of prenatal stress during infancy and childhood, then move to describe
the nascent yet growing literature on adult programming effects. Finally, I illustrate the possible
neuroendocrine mechanisms that may underlie the long-term effects of prenatal stress on the
adult offspring’s own pregnancy, thus tracing a possible intergenerational mechanism of prenatal

stress across three generations - the primary theoretical contribution of this dissertation.
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2.6 Prenatal stress, fetal development, and birth outcomes: biological mechanisms

Pregnancy and parturition

A gestating mother reaches full term at approximately 38.5 weeks. Over the course of the
pregnancy, levels of progesterone gradually increase to relax the smooth muscle of the uterus in
order to prevent premature contractions and delivery (Challis et al 2001). After about 37 weeks,
progesterone concentrations decrease while estrogen levels, which gradually elevates over the
course of the pregnancy, continues to increase. The estrogen and progesterone ratio sensitize the
uterus to other hormones like oxytocin, which contributes to the onset of uterine contractions. As
the fetus develops and gains weight, the fetus descends lower into the uterus, eventually making
contact with the cervix and subsequently stimulating uterine contractions and cervical dilation
and effacement. During this time, the placenta also secretes a hormone called relaxin, which
contributes to the loosening of the pelvic ligaments to provide space for the enlarging uterus, the
opening of the pelvic outlet by loosening the public symphysis joint between both parts of the
pelvis, and the dilation of the cervix during labor.

There are three main stages of parturition (or labor): cervical dilation, expulsion of baby,
and afterbirth. The duration of parturition ranges from seven to twenty hours, and longer for
some mothers. Uterine contractions stimulated by elevated circulating levels of oxytocin released
from the posterior pituitary gland cause membranes surrounding the fetus to release additional
hormones called prostaglandins that serve to soften the cervix and further stimulate uterine
contractions. Thus, oxytocin-stimulated contractions lead to greater production of prostaglandins,
which in turn leads to stronger and more frequent contractions, thus generating a positive
feedback loop of endocrine production and contractions. (Challis et al 2001; Hillhouse &

Grammatopoulos 2002; Smith et al. 2002). The upward direction of uterine contractions pull the
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cervix thinner, open the cervix, and also pushes the fetus against the cervix, contributing to

greater dilation. Increased relaxin production also dilates the cervix. The mucous layer that seals
the cervix is expelled and the amniotic sac is ruptured, causing amniotic fluid to exit the vagina.
As the contractions become stronger and closer together and once the cervix dilates to ten
centimeters, the mother develops an urge to push the baby out, leading to the second phase of
parturition, the expulsion phase. The expulsion phase begins when the fetal head enters the birth
canal and ends with the expulsion of the neonate. Once the baby is born, the last stage of
parturition, the afterlife, begins. Uterine contractions continue until the placenta is expelled and

involution, or the shrinking of the uterus to pre-gestation size, initiates.

Fetal development, preterm birth, and intrauterine growth restriction: the role of the HPA axis
Psychosocial stress exposure during earlier windows of gestation may lead to decreases
in birthweight due to HPA axis-mediated fetal growth restriction and earlier parturition (D’ Anna-
Hernandez et al. 2012; Glynn et al. 2001). The mechanisms underlying the impacts of maternal
HPA axis function on fetal development, however, are only partially understood (Gitau et al.
2001). Three potential mechanisms have been suggested: maternal cortisol exposure through the
placenta, downregulation of cortisol-shielding enzymatic mechanisms, and reduced stress
reactivity across pregnancy. First, stress-initiated elevations in circulating glucocorticoids (GCs)
may lead to greater levels of cortisol to move through the placenta and reach the fetus
(O’Donnell et al. 2009). Greater maternal cortisol levels during early periods of pregnancy have
been associated with being SGA (Goedhart et al. 2010) and LBW (Bolten et al. 2011; D’ Anna-
Hernandez et al. 2012; Goedhart et al. 2010). Contrary to the negative feedback loop between

adrenal cortisol exposure and hypothalamic corticotropin-releasing hormone (CRH) production,



82
higher cortisol exposure increases CRH production in the placenta, which subsequently can

upregulate the production of pituitary adrenocorticotropic hormone (ACTH) and in turn, cortisol
in both the mother and the fetus (Majzoub & Karalis 1999). Growing evidence also suggests that
greater prenatal stress exposure may result in maternal immune dysregulation during pregnancy,
which has been associated with adverse gestational development and birth outcomes, including
restricted fetal growth, preterm birth, and LBW (Beijers et al. 2014; Nazzari et al. 2019).

Second, early increases in maternal cortisol during gestation may also downregulate fetal
buffering mechanisms against maternal cortisol. Placental levels of 11B-hydroxysteroid
dehydrogenase (11B-HSD-2) act as a natural shield against maternal cortisol in utero by
converting cortisol into biologically inactive cortisone. Maternal cortisol, however, is still able to
penetrate the fetus in small amounts particularly when circulating maternal cortisol reaches high
concentrations or when 11B-HSD-2 is downregulated (O’Donnell et al. 2012). For instance,
recent evidence reports that high levels of maternal GCs can consequently downregulate 11f3-
HSD-2 production, thus allowing greater passage of GCs, including cortisol, into the womb
(O’Donnell et al. 2012). Placental 113-HSD-2 levels are naturally and relatively low during early
gestation (Hobel et al. 2008), and during this time cortisol may more easily pass through the
placenta during earlier stages of pregnancy to slow fetal growth rate and shorten GA.

Finally, the impacts of early prenatal stressors on fetal development and birthweight may
be heightened as behavioral and biological stress sensitivity decreases among mothers over the
course of pregnancy. The sensitivity of both major stress-regulatory systems, the HPA and the
sympathetic-adrenal-medullary (SAM) axes, declines as pregnancy advances. For example,
mothers in advanced stages of pregnancy show decreased psychological sensitivity (Glynn et al.

2001), HPA axis reactivity (Kammerer et al. 2002; Obel et al. 2005), vascular reactivity to
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norepinephrine and epinephrine infusion, lower heart rate and catecholamine responses to

physical stressors, and decreased blood pressure responses to stress (Nisell et al. 1985) relative to
those in earlier stages.

While increases in maternal cortisol downregulate hypothalamic CRH production,
elevations in maternal cortisol may also operate through interactions with the placenta to alter
fetal size and birth outcomes. Greater maternal cortisol upregulates placental CRH production
during pregnancy (Robinson et al. 1988). Recent studies find that greater levels of placental CRH
predict low birthweights (Sandman et al. 2006; Wadhwa et al. 2004). Wadhwa et al. (2004)
reported that elevated placental CRH levels at 33 weeks of gestation prospectively predict
relative risk for preterm birth and fetal growth restriction after adjusting for the effects of other
established risk obstetric factors. For women with elevated CRH at 33 weeks compared to those
with normal levels, women faced about a 3-fold increase in the relative risk for delivering a
growth-restricted infant. At 33 weeks’ gestation, CRH levels at were elevated in three distinct,
non-overlapping sets of deliveries: women who delivered preterm but did not have a growth-
restricted infant, women who gave birth to a growth-restricted infant but delivered at term, and
women who delivered both preterm and had a growth-restricted infant. CRH levels were highest
among women in the last group, those who delivered both preterm and growth-restricted infants.

Their findings also suggest that the timing of the onset of parturition may be influenced
by events and conditions faced earlier in gestation rather than near the time of parturition:
elevated CRH levels predicted preterm birth while lower CRH levels predicted post-term birth.
The direct association between placental CRH and the onset of parturition led Wadhwa et al. to
conclude that the “placental clock” may be partly facilitated by placental CRH: “Thus, phase

advancement of the clock, reflected by elevated placental CRH earlier in pregnancy, may
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accelerate the sequence of biomolecular events underlying parturition and result in earlier

delivery, whereas phase delay, reflected by lower CRH levels, may lengthen the time to initiate
parturition” (Wadhwa et al. 2004: 1067-8; McLean et al. 1995). Placental CRH may regulate
fetal growth through its influence on placental perfusion and fetal cortisol production. Increased
placental CRH concentrations are also associated with decreased uteroplacental flow and
hypoxemia-known risk factors for fetal growth restriction (Giles et al. 1996). Past studies have
reported associations between maternal HPA axis products (ACTH, beta-endorphins, and
cortisol) and placental CRH levels. Social experiences may also modulate placental CRH levels:
maternal psychosocial stress is commonly linked with levels of maternal ACTH and cortisol, and
specifically in the third trimester (Wadhwa et al. 1996) and one study has also reported a direct
positive association between maternal stress and elevated CRH levels. Thus, as Wadhwa and
colleagues argue, “...depending on the chronicity of the stressor, the resulting increase in CRH
production may be a critical factor that contributes to the early initiation of parturition and/or

growth restriction.”

2.7 Prenatal stress, HPA axis function, and adult mental illness risk
Prenatal stress and postnatal HPA axis function

Since DOHaD was introduced, scientists have become interested in the specific
mechanisms by which maternal stress and trauma during pregnancy affect the developing fetus
and raise future risk for psychopathology. The mechanisms by which prenatal stress impacts
future biology and health postnatally is largely understood to operate through maternal-placental-
fetal neuroendocrine systems (Cruceanu et al. 2017; Wadhwa 2005). Heightened stress exposure

and in some cases, poor regulation of the HPA axis can alter circulating maternal cortisol levels,
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which can pass through the placenta at low levels and penetrate the fetus to reach the developing

fetal HPA axis (Cruceanu et al. 2017; Krontira et al. 2020; Stroud et al. 2016). Maternal cortisol
may be more likely to reach the fetus when stress is experienced earlier in gestation as
concentrations of cortisol-inactivating placental 11B-hydroxysteroid dehydrogenase (113-HSD)
are low and maternal sensitivity to stress, which declines over the course of pregnancys, is still
normal. Increased fetal cortisol exposure is understood to influence intrauterine growth
restriction and contribute to decreased gestational durations, which in turn result in poor birth
outcomes (e.g. low birth weight and length, smaller head circumference, higher risk of infant
morbidity and mortality, etc.) (Bussieres et al. 2015; Ding et al. 2014; Shah et al. 2010).

As previously mentioned, a scarce, but growing, literature is beginning to document the
long-term impacts of fetal cortisol exposure across the lifecourse, ranging from fetal
development to late adulthood. Past studies have shown that elevated intrauterine cortisol
exposure corresponds with alterations in later life HPA axis function in infancy (O’Connor et al.
2013; Thayer & Kuzawa 2009), childhood (Gutteling et al. 2004, 2005; Ping et al. 2015),
adolescence (O'Conner et al. 2005; Ping et al. 2020), and young adulthood (Entringer et al. 2009;
DeSantis et al. 2015). For example, Thayer and Kuzawa (2009) reported that in a sample of
ethnically diverse pregnant mothers living in Auckland, New Zealand, women who reported
higher levels of self-reported ethnic discrimination during pregnancy, on average, had infants
who exhibited greater levels of cortisol reactivity in response to a vaccination. Additionally,
greater self-reported stressful events during pregnancy predicted significantly lower cortisol
concentrations in response to a pharmacological stimulation test in prenatally stressed young
adult children (Entringer et al. 2009). Thus, early evidence suggests that greater severity of

maternal prenatal stress and trauma may cause durable increases in physiological stress reactivity
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into adulthood and increase one’s risk of developing a wide range of psychopathologies (Heim et

al. 2019; Krontira et al. 2020; Markham & Koening 2011; McLaughlinn et al. 2010; Monk et al.
2019; O’Donnell & Meaney 2017). In summary, early life exposures during prenatal
development may have durable impacts on the function and responsivity of fetal stress
physiological mechanisms such as the cortisol-producing HPA axis, and in turn, may also shape
postnatal glucocorticoid activity across one’s lifecourse.

Ethical considerations limit human prenatal stress research on observational and
naturalistic experiments, which have included exposures to acute and chronic stressors (i.e.
general life stress, discrimination, flood), psychiatric disease such as anxiety and depression, and
major traumatic events including the September 11 attacks in the United States or the Holocaust.
As previously mentioned, studies on the long-term psychological and biological effects of
prenatal stress are severely limited as participants become older, especially after young
adulthood. Though the very small handful of adult studies conducted have displayed mixed
results, an overall positive association can be traced (Buchmann et al. 2014; DeSantis et al. 2015;
Entringer et al. 2009; Wiist et al. 2005; Ping et al. 2015).

Generally, prenatal stress exposure across a variety of different stressors is seen to elevate
either baseline or stress reactivity levels. For example, Western European young adults whose
mothers were exposed to significant psychosocial stress (e.g. relationship conflicts, death of
someone close) during pregnancy exhibited an overall higher increase in cortisol response to the
Trier Social Stress Test, a laboratory challenge protocol intended to activate the HPA axis as a
form of acute stress (Entringer et al. 2009). Additionally, pregnant mothers that experienced the
June 2008 Iowa floods gave birth to infants that displayed an average increase in the stress

response to brief maternal-infant separation (Ping et al. 2015). This effect was only seen in
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females, and the later in gestation the mother experienced this stressor, the greater the cortisol

increase. Conversely, it must be noted that some studies reported no changes in offspring stress
reactivity after challenged or found decreases in baseline GCs and stress reactivity, but a

majority of human studies have reported increases in cortisol levels after stress exposure.

Adult depressive effects of prenatal stress influenced alterations in stress physiology

To review the discussion on stress and HPA axis up to this point, I have described the
broad regulatory scope of the HPA axis in human development reflects the widespread
downstream and intergenerational impacts on phenotype that are coordinated by cortisol. As
stated, much research on the long-term and intergenerational phenotypic consequences of stress-
induced HPA axis dysregulation has consistently reported impacts on birth outcomes and future
mental health status. Three separate meta-analyses concluded that various forms of gestational
stress (e.g. psychosocial stress, domestic violence, maternal anxiety) predict shorter offspring
gestational age, greater risk for preterm birth, and lower offspring birthweights (Bussicres et al.
2015; Ding et al. 2014; Shah et al. 2010). Additionally, the long-term consequences of adverse
birth outcomes, mainly low birthweight, has shown to impact adult HPA axis dysregulation (G2)
(Lahti et al. 2005; Lee et al. 2014; Nilsson et al. 2001; Phillips & Jones 2006; Schlotz et al.
2005) and in reproductively aged women, influence the intrauterine environment and future
developing fetus. This work thus points to the potential for early stressors to have effects that
transcend the exposed generation to impact fetal development in the next generation.

The HPA axis has also been implicated as a possible mechanism underlying the effects of
prenatal (Van den Bergh et al. 2008; Halligan et al. 2004; Weinstock 2008) and early life stress

(Heim & Binder 2012; Juruena 2014; Tyrka et al. 2008b) on adult mental illness. Studies have
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reported associations between greater early life postnatal stress and altered adult HPA axis

function across the lifecourse (Fogelman & Canli 2018). For example, in one study, depressed
men with histories of child abuse exhibited greater peak cortisol levels after a laboratory stressor
compared to non-depressed men abused in childhood (Heim et al. 2008). Early life stressed
individuals tend to exhibit greater HPA axis activity in response to acute stressors (i.e.
vaccination, first day of school, visual stimuli, etc.) in both early childhood (Gutteling et al.
2005; Ping et al. 2015; Tarullo & Gunnar 2006) and adults (Pesonen et al. 2010; Schalinksi et al.
2015; Vaccarino et al. 2015). Similar long-term impacts on HPA axis function and mental health
are seen as a result of prenatal stress, yet the existing evidence is quite limited and only a small
handful of studies that assessed adult offspring HPA axis function exist. One of these studies
found that women who experienced greater maternal anxiety during pregnancy were more likely
to have children with flatted diurnal slopes, an indicator of HPA axis dysregulation, which
predicted depression in female adolescents (Van den Bergh et al. 2008). An overwhelming
majority of human studies on prenatal and early life stress, however, have relied almost
exclusively on self-reported retrospective-recall measures, which are prone to numerous
cognitive biases (e.g. recency effect, availability heuristic) and undermined by memory loss and
current emotional states (Entringer et al. 2015; Wadhwa et al. 2011). These major limitations
emphasize the importance of direct measurement of experience and prospective studies to
accurately examine the long-term effects of early life stress.

The following model represents the intergenerational transmission of poor health
operating through the reciprocal effects of a stressful intrauterine environment on future adult
mental health and biology, and adult mental health and biology among females on a stressful

intrauterine environment in the next generation. This model suggests a multigenerational effect
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of stress transmission that manifests from the grandmother’s experience while pregnant to her

future grandchildren.

Prenatal stress

Induced changes in
metabolism and
physiology

Perpetuation of changes to next generation
via intrauterine environment, e.g
T maternal cortisol
T maternal insulin
1 maternal BP

Further perpetuation of
biological changes

Figure 6. Model of the intergenerational transmission of disease states (Kuzawa & Sweet 2009)

The HPA axis as a potential multi-generational conduit for environmental information

This model of multigenerational transmission of stress may be viewed as beginning with

fetal exposure to high circulating maternal cortisol levels due to maternal stress (Cottrell & Seckl

2009). While the influence of maternal cortisol is reduced by the activity of the placental enzyme
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11B-hydroxysteroid dehydrogenase (11B-HSD?2), elevated maternal stress has been shown to

downregulate enzymatic activity in the placenta, increasing maternal cortisol transfer across the
placenta (Mairesse et al. 2007). The impacts of maternal stress (G1) on the fetus (G2) are already
noticeable during gestation and shortly thereafter, which include fetal growth restriction and
preterm birth (Wadhwa et al. 1993; Sandman et al. 1997). Furthermore, maternal prenatal stress
predicts offspring HPA axis reactivity across multiple stages of offspring development,
suggesting a “programming” effect of maternal cortisol on fetal HPA axis function (Cottrell &
Seckl 2009). Prenatal stress-induced effects on offspring HPA axis reactivity have been
documented in young infants, childhood, adolescence, and through retrospective assessments in
adults and tend to predict elevated offspring HPA axis function (see Table 1).

This growing area of research is consistent with the larger body of scholarship on the
effects of postnatal early life stress (G2), another sensitive period for HPA axis function, which
are known to have similar programming effects on the HPA axis across development, extending
into adulthood (Gustafsson et al. 2010; Heim & Binder 2012; Taylor et al. 2010). Altered HPA
axis function in adult women due to their own prenatal and postnatal exposure to stress, is
believed to in turn have the potential to transmit similar effects to their developing offspring in
utero (G3), thus creating a multigenerational cycle of stress transmission (Fig. 1). Strong
evidence from animal models displays discernable impacts of a variety of grandmaternal prenatal
stress on second and third generation phenotypes, such as reduced body size, altered stress
reactivity, and depressive-like mood (Drake et al. 2004; Ward et al. 2013). A small handful of
human studies documents multigenerational effects of prenatal conditions among grandchildren,
but these studies only focus on the impacts of undernutrition and rely on retrospective reporting

of experience. No study has prospectively assessed grandmaternal in utero stress and followed
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their children and grandchildren, allowing one to trace these effects multigenerationally. Despite

much interest in the possibility of multigenerational transmission of stress (Gravlee 2009;

Kuzawa & Sweet 2009), this model has not been tested in human populations.

2.8 Summary of gaps in literature

Taken together, research to date points to the plausibility of the hypothesis that prenatal
and early life stress will have effects that linger into adulthood, and that these in turn could
impact the gestational environment experienced by the next generation. If correct, these
pathways would represent an important mechanism of multigenerational developmental
plasticity in humans and a potential biosocial pathway for the transmission of health inequality in
highly-stressed communities faced with social adversity. This pathway would also illustrate how
individuals may be influenced not only by the environments that they experience, but by past
ones experienced by mothers and grandmothers. However, to date, no study has directly and
prospectively measured early stressors (rather than using adult recall) and traced these
multigenerational effects in a population in which prenatal stress was both severe and varied
across individuals. Additionally, the degree to which the long-term programming effects of
prenatal and early postnatal stressors on adult HPA axis function and mental health are malleable
is unknown. Finally, the generalizability of past work on the impacts of prenatal and early life
stress has further been limited by a lack of diversity in study samples, particularly in low/middle-
income populations where the burden of poor birth outcomes, mental illness, and social adversity
are high (Patel 2007; Pike 2005; Vigo et al. 2016).

The proposed study will address these gaps by drawing on a 28-year multi-generational

study of a population living in Soweto, South Africa, whose mothers (G1) were first recruited
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during the marked political violence of the late apartheid era and have since been followed to the

present. To date, no study has assessed grandmaternal in utero stress and its multigenerational
impacts on their children and grandchildren in humans using a prospectively design.
Additionally, the generalizability of early life stress and mental health studies is limited by the
lack diverse study samples particularly in LMICs where the burden of mental illness is the
highest. Some of South Africa’s largest public health burdens both result from and perpetuate
this proposed pathway of intergenerational stress transmission. Approximately 30% of South
Africans are expected to experience a mental illness during their life (Herman et al. 2009), and
14% of infants are born preterm (WHO 2019).

These statistics are known to disproportionately impact black South Africans and exist
against a dark, violent history of racially charged violence against South Africans of color,
particularly black South Africans who make up 80% of the country’s population. The economic
and political legacies of apartheid continue to the present today, and through the proposed
intergenerational pathways of stress transmission, the lasting impacts of apartheid may
potentially continue to reverberate through the bodies of future generations of black South
Africans and sustain the racial health disparities in mental illness and poor birth outcomes that

are seen today.
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2.9 Aims & Hypotheses

Aim 1: Examine the relationship between maternal prenatal exposure to stress in the first
trimester and infant birth outcomes

H1. Birthweight: Greater prenatal stress during the first trimester will predict lower
birthweight
Aim 2: Examine the relationship between maternal prenatal exposure to apartheid-related stress
and late adolescent mental health.
H2. Mental health: Greater prenatal exposure to apartheid-related stress (G1) will predict
greater severity of adult psychiatric risk in late adolescents (G2).
Aim 3: Examine the effect of early life family stress on adult diurnal cortisol rhythms and
depression symptomatology
H3a. Mental health: Greater early life stress will relate to greater severity of adult depressive
symptoms
H3b. HPA axis function: Greater early life stress will relate to greater adult HPA axis
dysregulation and will shape the relationship between early life stress and adult depression
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CHAPTER 3: Methodology and Birth to Twenty (“Mandela’s Children”)

This chapter describes the various methodologies employed to conduct my dissertation
research. I first provide a condensed timeline of my research activities, which range from June
2017 to September 2020, and then describe the preliminary fieldwork and formative research
conducted to develop the study, which was named the “Soweto Stress Study” (SSS, or “triple
S”). I then describe each component of data collection for SSS, which begins with the
administrative groundwork and ends with data analysis and dissemination of research findings.
As noted in my Introduction chapter, the COVID-19 pandemic prevented me from completing
my initial study with the Birth to Twenty cohort, which aimed to examine the intergenerational
impacts of prenatal stress from apartheid on HPA axis function and mental health outcomes in
the second and third generations. Instead, I present three separate secondary analyses using data
from three longitudinal birth cohort studies - two based in Soweto, South Africa and one in
Cebu, Philippines - to assess the long-term impacts of prenatal and early life stress on birth
outcomes, mental health, and HPA axis function between infancy and young adulthood. Despite
the shift in my dissertation project, I will describe the methods used to launch and conduct my

initial dissertation research.
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Month Activities

July 2019 Completed IRB approval process; Obtain visa

September 2019 Arrived in Johannesburg
Interviewed and trained research assistants

October 2019 Began piloting surveys and cortisol collection materials
Procured study materials

January 2020 Collected data - surveys, salivary cortisol collection

March 2020 COVID-19 pandemic in South Africa, national lockdown begins
Launched data collection on mental health impacts of COVID-19 study

3.1 Historical, political, and cultural perspectives of South Africa

Pre-colonial and colonial South Africa: an overview

Prehistorical records that trace back to the geographic areas that are present-day South

Africa suggest that the land inside the country’s borders were important sites for the study and

our understanding of human evolution. One of the earliest known hominid species,

Australopithecus africanus, is estimated to have inhabited the current landmass of South Africa

somewhere between 3.67 to 2 million years ago in the Middle Pliocene to Early Pleistocene. The

first known example of A. africanus was the 2.51 million year old Taung child skull found in

1924. Other hominid species would eventually be found across South Africa, including

Paranthropus robustus (or Australopithecus robustus) (c. 2 - 0.6 million years ago) in 1938.
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Australopithecus sebida (c. 2.36 - 1.5 million years ago) in 2008, and most recently Homo naledi

(c. 335,000-236,000 years ago), all found in the Cradle of Humankind.
The earliest known human populations to inhabit present-day South Africa were the San and
Khoikhoi groups, the former a hunter-gatherer society and the latter a pastoral herding society -
together known as the Khoisan (Beinhart 2001). Archaeological, historical, and anthropological
records suggest that the Khoisan culture existed in South Africa approximately 2,000 years ago
in present-day Western Cape (Barnard 2008). As part of the Bantu migration, a major state
would emerge in present-day South Africa, known as the Kingdom of Mapungubwe (c.1075—
¢.1220). Two major Bantu cultural and language groups extending from the Kingdom are known
to have existed before the first colonial encounter in 1652: Sotho-Tswana languages (including
Sepedi, Sesotho, and Tswana) and Nguni languages (including Setswana, isiXhosa, isiZulu,
siSwati, and Southern Ndebele (Beinhart 2001). South Africa’s first colonial encounter was in
1488 when Portuguese colonist Bartolomeu Dias made contact with the coastline, eventually
reaching the southernmost point of the country, known today as the Cape of Good Hope. The
first permanent settlement began in 1652 by the Dutch East Indian Company (VOC) in the Cape
(Beinhart 2001). A series of violent encounters between white Dutch colonists and Khoikhoi
communities over land ownership escalated into the first Khoikhoi-Dutch War in 1659, which
resulted in the eventual expulsion of the Khoikhoi out the Cape Peninsula and a disastrous
smallpox epidemic brought by Dutch settlers.

The violent establishment of the Dutch settlement continued throughout the 18th century
when settler colonial management of various global Dutch colonies imported slaves from present
day Malaysia, Indonesia, Madagascar, and Mozambique. Smaller, additional groups of

Europeans came to the Dutch “Cape Colony” including independent Dutch settlers not part of the
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Dutch East Indian Company and French protestants fleeing religious persecution (Beinhart

2001). The early historical roots of present-day systems of race in South Africa are understood to
partly derive from this period of Cape Colony history, where white supremacist societal
hierarchies among slaves, indentured servants, workers, indigenous Africans, communities from
diverse ethnicities, and white European settlers formed. The Dutch settlers became known as
“Boers” meaning farmer in Dutch and Afrikaans, the eventual language of Boer descendants and
present-day ethnicity in South Africa. Around this time, a growing population of Griqua people,
or a group of ethically and culturally diverse people who were descendants of sexual relations
and violence between European colonists, Khoikhoi, and slaves (Beinhart 2001). These people
would eventually be categorized under the “Coloured” racial category in apartheid South Africa.
Mass migrations known as the Great Trek took place where working class Boers of the VOC fled

inward into the interior of South Africa (Figure 1).
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Figure 1. A map of the expansion of the Trekboers (1700—1800)
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After the British seized the Cape in 1795 to prevent French possession of the colony.

During this time, a major clan of the larger Nguni communities called the Zulu would gain
significant political power. The Zulu kingdom became a power state under the leadership of
Shaka kaSenzangakhona, also known as Shaka Zulu, who would lead a mass expansion into the
regions north of present day KwaZulu-Natal in the east coast (Beinhart 2001). Forced expansion
from the Zulu kingdom initiated what is known as the Mfecane, a period of widespread chaos
and warfare among indigenous communities across southern African between 1815-1840. The
Mfecane displaced various African clans from their lands to other regions across southern Africa,
which precipitated continued violence against African clans. The Zulus would continue to grow
in power and face intense militarized battles against European colonists into the late 19th century
until their ultimate absorption into the British colony of Natal in 1897.

Colonial possession of various areas of South Africa would vacillate between the British
and Dutch between the late 1700s to early 1960s. Another major development in the formation of
“race” in South Africa was through land legislations during the first half of the 1900s. British
colonists instituted the 1913 Natives Land Act, which divided 87% of the land to “whites” and
13% to “Africans.” The formation and ownership of “private property” became a tool to rob
Africans of their land (Beinhart 2001). And while many Africans lived on white owned land,
their social standings were stripped of power and minimized to slave labor. In 1961, the British
gained considerable political power after a rise of Afrikaner republicanism, which was
characterized by the election of the Afrikaner-led National Party (NP) (Beinhart 2001). The NP
and its leaders, D.F. Malan, J G Strijdom, and Hendrik Verwoerd, all white Afrikaner male
political leaders. The rise of the Afrikaner NP saw with it the end of the British-led Union of

South Africa and the formation of the NP-led Republic of South Africa (Figure 2). This
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transition would facilitate the rise of racial segregationist laws, which developed during British

and Dutch colonial rule and included informal segregation, formal legislation (e.g. Native
Location Act of 1879), and the creation of the pass laws (Beinhart 2001). Various sets of
legislation rapidly concretized the system of “grand apartheid,” or the systemic separation of
“races,” which were artificial social categories for organizing the four differential “racial groups”
of South Africa: Black, Coloured, Indian, and White.

The first set of apartheid laws prohibited marriage and sexual relations across “racial”
lines (Prohibition of Mixed Marriages Act of 1949 and the Immorality Amendment Act of 1950),
produced the social technology of “racial” classification (Population Registration Act of 1950)
along with sub-classifications. These policies created political reasons and formal legislations to

control and disenfranchise non-white people in the Republic.

An introduction to the history and racial capitalism of Apartheid

The South African Apartheid (an Afrikaans word meaning "separateness", "the state of
being apart", or literally "apart-hood") regime introduced in 1948 manufactured a nationally
institutionalized system of racial management and socioeconomic inequity. This system of social
stratification, upheld by authoritarian political powers of baasskap (literally as "boss-ship" or
"boss-hood" in Afrikaans, or “white supremacy” in English), concretized the political, social, and
economic domination of South Africa by the country’s white minority population. South African
apartheid is understood to operate as a highly successful and systematized form of what is known
as racial capitalism. Black Studies professor Cedric Robinson coined the term in his 1983 book

titled Black Marxism: The Making of the Black Radical Tradition, as described below.
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“Racism, I maintain, was not simply a convention for ordering the relations of European

to non-European peoples but has its genesis in the "internal" relations of European
peoples. As part of the inventory of Western civilization it would reverberate within and
without, transferring its toll from the past to the present. In contradistinction to Marx's
and Engels's expectations that bourgeois society would rationalize social relations and
demystify social consciousness, the obverse occurred. The development, organization,
and expansion of capitalist society pursued essentially racial directions, so too did social
ideology. As a material force, then, it could be expected that racialism would inevitably
permeate the social structures emergent from capitalism. I have used the term "racial
capitalism" (emphasis added) to refer to this development and to the subsequent structure

as a historical agency” (Robinson 1983:2).

In other words, the economic system that thrives on the persistent accumulation, increasing rate
of capital accumulation and control of the means of production and profit, known as capitalism,
"can only accumulate by producing and moving through relations of severe inequality among
human groups” and sustain itself through "unequal differentiation of human value” (Melamed
2015:76-85). Robinson (1983) argues that since the 17th century, "the development,
organization, and expansion of capitalist society pursued essentially racial directions" - mainly
skin color, phenotype, and ethnic identity, and that "it could be expected that racialism would
inevitably permeate the social structures emergent from capitalism.” Apartheid is a prime
example of a racial capitalist system, one not unlike American, European, and other non-Western
and South Africa systems of capitalism, which generated and continues to generate enormous

amounts of profit from a wide range of industries - most significantly, mineral mining,
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agriculture, steel, electricity, and service. This racial capitalist system maximized disposable

labor from Black communities, migrant communities, and communities of color and limiting
their opportunities for social mobility, education, and socioeconomic development, and in turn,
optimizing the modes of production to sustain their profit accumulation and power (Crais &
McClendon 2013; Melamed 2015; Robinson 1983).

The NP continued to impelment a series of legistations to institutionalize apartheid laws, but
growing resistance movements against the apartheid regime began to emerge throughout the 20th
century into the next century. The apartheid government created legislations to demobilize
opposition movements (e.g. Suppression of Communism Act of 1950), developed autonomous,
segregated governments for “Blacks” known as bantustans, and also coordinated a countrywide
forced removal system that attempted to segregate the country’s population into 20 bantustans,
also known as the “homelands.” Apartheid continued to grow into the second half of the 20th
century. This included limited distribution of passes to limit the number of non-whites in the
cities, harsh enforcement of pass laws, unequal distribution of resources such as hospitals,
quality residential spaces, and other public services, union busting, laws prohibiting use of public
and white-owned spaces, poor educational facilities, very limited work and social opportunities
for women, among many other oppressive conditions.

A wide diversity of resistance movements with a range of organizing strategies, from
peaceful protests to militarized civilian insurgencies, emerged shortly after the
institutionalization of apartheid in 1948. A series of pro-Black and -African organizing groups,
who would eventually become major political parties in the country, built a critical mass and
power in their bases. These included parties such as the African National Congress, the currently

ruling party in South Africa; the Pan Africanist Congress, a branch off of the the ANC that
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encouraged multiracial liberation rather than ANC’s focus on Black nationalism; the Black

Consciousness Movement, motivated by the Black Power movement in the United States and
initially started by an educated leadership; the numerous student movements; trade unions and
religious institutions; specific race- and ethnicity-based resistance groups (e.g. Jewish, Indian,
Coloured, etc.); and later, international allies, which eventually motivated the global boycott
against the South African government. One of the most pivotal moments of resistance in the

history of apartheid is based in Soweto, a major Black township of Johannesburg.
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Soweto, South Africa: historical and sociopolitical perspectives during and after Apartheid
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Soweto (a portmanteau of “Southwestern Townships™) began as an amalgamation of

separate townships in the southwest region of Johannesburg. After the discovery of gold in
Johannesburg (also known as the “City of Gold”) in the mid-19th century, the Dutch/Afrikans-
led “South African Republic” created a brickmaking industry in present-day Soweto because of
the large quantity of naturally available clay. Overtime, working class communities of all
“racial” groups settled in the area until population management laws resegregated South African
communities, which is when the concept of the “township” became popularized (Seekings &
Nattrass 2005). Overtime, Black communities emerged in the various townships that make up
Soweto but the history of social life in the years preceding apartheid up until decolonization
includes increasing cases of government divestment, informal settlements, mass migration,
growing unplanned urbanization, deep political organizing and resistance, and state violence
(Bonner & Segal 1998). Soweto was eventually resegregated again geographically but this time
by language groups, which was frequently used synonymously as ethnic categories (e.g. Sotho,
Tswana, Tsonga, Venda, Zulu, Xhosa, etc.) (Bonner & Segal 1998).

Soweto became a site of immense cultural and historical significance in the struggle
against apartheid, particularly after June 16, 1976 when the Soweto uprising took place. After the
colonial government enforced all public education in Afrikaans rather than the native African
languages, posing a major barrier to educational attainment and social mobility and a deliberate
attempt to stymie the growth of African communities, an estimated 20,000 students protested in
Orlando West marching from Naledi High School to Orlando Stadium. Police open-fired on
thousands of youth, resulting in 176 deaths including Hector Pieterson, a twelve-year old South
African student (Harrison 1983). Emergency clinics at local clinics and hospitals, including Chris

Hani Baragwanath Academic Hospital, a major tertiary hospital in the Diepkloof area of Soweto
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and the site of this dissertation research, overflowed with injured children (Ndlovu 2006). The

uprising had a far-reaching ripple effect, motivating other riots and solidarity marches in
Johannesburg, other Black townships, places of employment, and localities across the world
(Beinhart 2001; Ndlovu 2006). International bodies such as the United Nations condemned the
state-sanctioned attack (Harrison 1983). The Soweto Uprising was one of a series of many events
during the late 1970s to democracy in 1994 that mobilized local, national, and international
bodies to resist the apartheid regime. These included the United Nations, the Commonwealth,
numerous world governments, transnational bodies, an international academic boycott (including
the American Anthropological Association) (Paris & Gallin 1977), and even the International
Olympic Committee. By the 1980s, the apartheid government faced chronic precarity due to
nearly insurmountable pressure within and outside its borders.

The dissolution of the apartheid regime in South Africa finally came between the late
1980s to early 1990s. Black townships were central sites of violent resistance between the anti-
apartheid struggle and the Pieter Willem Botha administration, the Prime Minister and staunch
supporter of the apartheid regime. Botha declared a state of emergency between 1985-1990 to
respond to the dramatic rise in the people’s organizing against local authorities, representatives,
and leaders of the government. Violent and unchecked social sanctions were implemented both
informally within neighborhoods and formally, yet haphazardly, through the government.
Government authorities, including the police and military, were provided great jurisdiction to
oversee violent tactics for political repression, and overtime, the Republic instituted draconian
and facist policies, such as detention without trial, censorship, torture, and murder (Beinnart
2001; Crais & McClendon 2013; McKendrick & Hoffmann 1990). This five year period of

political unrest was fueled by continual repression of resistance movements, undercover
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government ploys to instigate interethnic violence in Black communities, particularly in hostels,

and community-wide violence over scarce resources in townships and informal settlements
(Beinhart 2001). It is estimated that approximately half the people who died due to political
violence during the apartheid regime died in the last four years (1990-1994) (Beinhart 2001;
Hickel 2015). Twenty years before the beginning of the transitional period into democracy was
largely characterized by ANC and IFP political violence, which has been described as low grade
war (SAHO 2020). I provide an excerpt from my field notes from an interview with a Birth to

Twenty study participant who was pregnant at the time of these conditions of political violence:

Xoli remembers how hard living in the 1990s was. She remembers that the township was
divided by the languages that people spoke. There were Zulu sections, Xhosa sections,
Tsonga sections, etc. Her husband owned a taxi, and speaking Zulu made people suspect
they belonged to the Inkatha Freedom Party (IFP) - a Zulu-led political party that
colluded with the NP and even a Afrikaner nationalist and white supremacist organization
called the Afrikaner Weerstandsbeweging (or the Afrikaner Resistance Movement).
When her husband came back from work, he would sometimes have to leave his taxi
somewhere and walk home for his own safety. Being a taxi owner and Zulu he was read
by others as a possible IFP supporter. He also had “taxi wars” to worry about, or conflicts

with other taxi drivers typically over competition for business.

Inkatha used to fight against the ANC, Xoli explained, and they would shoot each other.
Other people were burned, including her own cousin, who was burned alive in an open

field. Her family was only able to recognize them by their sneakers, as the cousin was
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burned beyond recognition. After this happened, she went to stay with her domestic

worker mother at Bezvalley, where she worked. She had given up hope and believed that
everyone would die. Her mother was pressured by her employers to vote for a white
person, who told her that she should never make the mistake of voting for a black person

because if a black person came into political power, there would be severe poverty.

The employer owned a steel company, and when Mandela won the election, the
employer’s family left South Africa and closed down their steel company. She went to
work with the company overseas in 1991 and came back in 1993 to prepare for her
marriage in 1994. The bride’s ceremony was in 1994 and the groom’s ceremony took

place in 1995 (Field notes, August 7, 2020).

A series of negotiations between the ANC and the apartheid government began at
President F.W. de Klerk’s residence in Cape Town on May 4, 1990. The Convention for a
Democratic South Africa (CODESA), a coalition of 92 organizations signed a Declaration of
Intent that signals support for a “united, democratic, non-racial, and non-sexist state in which
sovereign authority is exercised over the whole of its territory” (Welsh 2010:434). The meeting
represented the first multilateral and multiracial negotiation to end apartheid in South Africa. A
second round of CODESA-led negotiations in mid-1992 took place but was ultimately thrarted
by the apartheid government’s potential involvement in coordinating police raids in townships
and a series of growing conflicts between the ANC and NP. Later, the Multiparty Negotiating
Forum commenced on April 1, 1993, which brought a wider range of parties to the table,

including far-left and far-right groups. These negotiations eventually facilitated the organization
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of the first democratic elections in South Africa’s difficult, violent, and tenacious history. The

election is widely seen as the end of the apartheid regime.

Despite the countrywide celebration for the election of Nelson Mandela and the
actualization of the “rainbow nation,” political violence continued to ensue. A new set of
national politics unravelled across the country. The new constitution was implemented and the
Truth and Reconciliation Council was established to facilitate a national-level restorative justice
process that aimed to bear witness to some of the most atrocious violations of human rights
during the apartheid regime, speak to the perpetrators of violence, grieve, and transition to a free

South Africa (Beinart 2001).

The Birth to Twenty (BT20) study

Nested in a major urban neighborhood of Soweto (FIgure 3) in the largest hospital in the
southern hemisphere, the Birth to Twenty study launched in mid-1990 to evaluate the impacts of
urbanization, changing social conditions, and larger social environments due to apartheid (Radin
& Cameron 2012). Birth to Twenty is a birth cohort study that tracked the development of 3,273
newborn infants (Richter et al. 2007). Mothers and newborns were recruited between 23 April to
9 June 1990 at Chris Hani Baragwanath Academic Hospital (CHBAH or ‘Baragwanath’). The
founders of the study began data collection unbeknownst to the fact that the apartheid
government would eventually topple soon after data collection. Thus, the first cohort of BT20
children unexpectedly became the first generation born into a democratic South Africa as the
regime dissolved in 1991.

During the first round of data collection in 1990, pregnant mothers completed a suite of

demographic, household, and health-related surveys, one of which included a 16-item survey on
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stressful and traumatic life experiences during their pregnancy, which is the major exposure

variable of my dissertation examining the long-term lifecourse impacts of prenatal stress. Since
the inception of the study, Birth to Twenty has continued data collection almost every year up
until today. As Africa’s largest and longest running study of its kind, BT20 provides the only
dataset in South Africa to study the generational impact of apartheid on health and physiology
among black South African communities. Throughout the BT20 study, regular contact with
respondents and their families was maintained, promoting retention in the study such that
DPHRU are still currently in contact with 1700 original participants, which is quite similar to the
attrition rates seen in other longitudinal birth cohort studies in LMICs (Norris et al. 2007).

Today, the study is housed under the Developmental Pathways for Health Research Unit
(DPHRU), a research unit jointly funded and sponsored by the South African Medical Research
Council and the Faculty of Health Sciences at the University of the Witwatersrand. Birth to
Twenty continues to be based in the campus of Baragwanath Hospital in the Diepkloof
neighborhood of Soweto, South Africa (Adair et al. 2011; Richter et al. 2007; Richter et al.
2012). Soweto continues to be an ethnically and linguistically diverse community, but overtime
has seen considerable class diversity, a growing middle class, and a dynamic peri-urban
township (Alexander et al. 2013). Families have also moved out of Soweto, mostly into
Johannesburg but also other areas in Gauteng and outside of the province (Norris et al. 2007;
Richter et al. 2007). Nevertheless, BT20 continues to work with their longstanding relationships
with BT20, now in the third generation, to understand the developmental and lifecourse

predictors of health and disease.
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I conducted six months of discontiguous formative research at DPHRU in Soweto during

June-September 2017, June-August 2018, and January 2019. During these field experiences, I

familiarized myself with the research unit, the available datasets and ongoing studies, data

collection platforms and systems, and team culture. I also learned about the social, political,

economic, and cultural conditions in Soweto and Johannesburg that gave me critical insight into

the contexts of mental health in Soweto. Overtime, [ developed a strong collaborative

relationship with DPHRU, worked on secondary data analyses throughout my time at

Northwestern (Chapters 4 and 5), and prepared to launch data collection for the Soweto Stress

Study in August-November 2019. Research ethics approval was obtained for both waves of the



110
study from the Institutional Review Board Office and Northwestern University and the Human

Research Ethics Committee at the University of the Witwatersrand.

Wave 1 - Ethnography

This study consisted of two waves. Wave 1 (n = 80) investigated the social, political, and
ethnographic perspectives on mental illness in the context of a post-apartheid South Africa to
explore perceptions of generational trauma, resilience, healing, and justice. Wave 2 (n =250
mother/child pairs) used existing survey data, new data, and sample collection to test the
lifecourse and intergenerational effects of early life stress experienced by now young-adult
mothers.

Wave 1 participants included 1) medical professionals and other professionals in mental
healthcare and mental health-related fields; 2) mental illness patients diagnosed with and/or
actively experiencing depression, anxiety, post-traumatic stress disorder, and a culturally-
relevant form of mental dysfunction and their caregivers, 3) lay individuals. English-speaking
participants above the age of 18 will be interviewed and examined through participant-
observation. This study did not include individuals who were: unable to consent, pregnant

women, cognitively impaired, prisoners, and other detained individuals.

Semi-structured interviewing

Recruitment for lay people, medical professionals, and key informants: I used a
convenience (e.g. friends, extended social network, new acquaintances met at public events) and
snowball sampling strategy to interview adults in Soweto to understand everyday perspectives on

stress, trauma, mental illness, and well-being. Extensive field notes were taken during and
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immediately after the interview. Field notes were elaborated and edited after completion of the

interviews and some time for reflection. All interviews were confidential, anonymous, and
recorded after receiving informed consent. Recordings were then transcribed and translated, if

needed.

Participant-observation

To understand conceptions of intergenerational risk, trauma, resilience, and mental
illness, I conducted participant-observation to understand, interpret, and analyze daily life as a
way to understand emic views of these concepts. My major sites of ethnographic observation
were DPHRU at Baragwanath Hospital, the Diepkloof neighborhood of Soweto, a major mental
health NGO and counselling-based call center, two public tertiary public hospitals in
Johannesburg, the northern suburbs of Johannesburg, and the Soweto-Johannesburg region at
large. I took regular field notes after conversations, site visits, interactions, etc. and wrote

reflective observations about these and past events from my ethnography.

Data analysis

Interview data and field notes were first organized for clarity. Transcribed recordings
were uploaded to Dedoose, a qualitative data analysis software, and coded using a codebook. To
create the codebook, I reviewed all field notes from my interviews and identified overlapping
and noteworthy themes. Once these themes were identified, I created a code book based on the
relevance, salience, frequency of the codes from this preliminary analysis. I then coded the
transcripts using the codebook and flexibly editing the codebook if needed. All interviews were

then coded and major themes from across the transcripts were identified. Coded data were then
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compiled based on themes or sub-themes and thematically analyzed to identify how people made

sense of mental health, intergenerational trauma, and apartheid.

Wave 2: Soweto Stress Study (SSS)

Before conducting any data collection, I first coordinated the discussion, review, and
negotiation of two major contracts for this international study. These included the Material
Transfer Agreement to allow me to ship biological samples overseas, and the Research
Collaboration Agreement which clarifies NU-Wits policies on intellectual property, publishing
rights, data sharing, finances, etc. I also worked closely with the administrative team at DPHRU
to prepare the financial, logistical, and data management components of my project and to ensure

a successful project launch.

Piloting

All survey materials and new biological sample protocols were piloted before formal data
collection ensued. The survey pack was finalized and compiled in July 2019 and distributed to
five research assistants at DPHRU with expert proficiency in the primary African languages
spoken in Soweto - isiZulu, isiXhosa, isiSotho, and isiTsonga. The daily diaries administered
during the home cortisol collection, which included morning and evening surveys for both adult
and child and a health questionnaire for the adult, were also piloted. The following instructions

were provided to each RA:
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1) Read through questions in English and note if any questions, responses, or instructions

do not make sense on the yellow pages (yellow pages were inserted in between each
survey for notes);

2) Read through questions in your home language and follow the same directions as Step
1. Also, please make any changes, recommendations, or suggest new words/phrases in
your home language. More the better;

3) Read through questions in your second most proficient African language and follow

the same directions as Step 2.

All comments were compiled into one survey pack and questions were adapted
accordingly. Any conflicting edits were reviewed with at least one of the five RAs for further
clarification. Most edits focused on unfamiliar or uncommon words or phrases in English and
when translated into their home languages, as well as cultural differences in how certain
concepts were described or assessed. Afterwards, a final survey pack was created and uploaded
onto REDCap.

The cortisol collection protocol and daily diaries were replicated and adapted from the
same methodology used in Dr. Emma Adam’s laboratory at Northwestern University (Adam &
Kumari 2009). The daily diaries were piloted and adapted along with the survey pack as
described above. Complete cortisol collection kits were distributed to two adults and two
children between the ages of 5-10 in October 2019. The participants were asked to follow
instructions explained by me and provided in the kit, which included collection times for each
saliva sample, daily diary instructions, storage information, and precautions against improper

collection techniques. The adults were instructed to take notes based on their and their child’s
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experience with the technique, with a particular emphasis on barriers or inconveniences

associated with collection. Afterwards, I reviewed all samples and surveys for adherence to
protocol and discussed the participants’ experience with the collection method. All comments
were summarized and necessary changes in the protocol were made. These included the
emphasis of specific steps during the cortisol collection training, the amount of saliva to provide,

and clarifications about acceptable storage conditions, among others.

Training of research assistants

Research assistants were hired and trained for the three days preceding data collection.
RAs were provided a comprehensive yet thorough overview of the study aims, rationale, and
theoretical background, engaged in a discussion about their thoughts on the study, and asked
questions. The following day, each measure included in the survey pack was individually
reviewed and specific questions that caused confusion during piloting were highlighted and
discussed. Afterwards, RAs were trained on administering survey questions and open ended
interview questions. Common issues were discussed, such as participant fatigue, confusion over
changes in the range of scales, and dealing with uncomfortable questions, and several strategies
were provided. The last day, RAs practised administering the questionnaires, the standard
operating procedure for assisting a distressed or suicidal participant was reviewed, and all

consent forms were examined and administered for practice.

Sample selection and recruitment
While all participants come from the larger Birth to Twenty study, the follow-up

subsample recruited 250 mother-child pairs and 100 adult men into Wave 2 of the study or the
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“Soweto Stress Study” (SSS). This study sample included 2G adults, both men and women, and

3G children of all genders. Multilingual research assistants (RA) contacted participants using
phone-based recruiting, the standard recruitment protocol at BT20 and DPHRU. The following
selection criteria were used to select 2G and 3G participants.

Inclusion criteria

2G: Mothers (1G) were enrolled in BT20 during gestation and completed the antenatal stress
questionnaire; 2G adult men did not have to have a 3G child to be eligible for the study.
3@G: Children of 2G mothers who meet the above 2G criteria; between ages 4-10 years old

Exclusion criteria

SSS did not recruit individuals who were: unable to consent, pregnant women, cognitively

impaired, prisoners, and other detained individuals.

Data storage and management

A project inception meeting was organized with the support staff at DPHRU, which
included the finance officer, human resources officer, database manager, and facilities manager.
In this meeting, all components of the study were reviewed, including the storage and
management of data. All survey and biological data were stored onto REDCap (Research
Electronic Data Capture), a browser-based online software for data management, survey
construction and administration, and workflow methodologies. In the event of internet or
REDCap connection problems, paper copies were used for data collection. All paper files,
including consent forms, child assent forms, cortisol sample processing files, paper-based survey
copies, and daily diaries were organized and filed at DPHRU for future reference and auditing

purposes. Data were extracted on a bi-weekly basis for quality control testing, such as identifying
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outliers, errors in data entry, missing data, and systematic problems in data capturing. All data

were stored in password-protected and/or encrypted storage files or on REDCap and anonymized

when transferred to other research staff.

Data extraction

Standard BT20 data extraction protocol was followed. During preliminary fieldwork, data
from Birth to Twenty were obtained from the DPHRU data manager after submitting a data
request, which included a form and a list of variables, questions, and survey type. Different

sections of the data were cleaned at different times in the past depending on the survey.

Data collection

Data collection began on January 13, 2020 at DPHRU in Chris Hani Baragwanath
Academic Hospital. Two rooms were allocated to the Soweto Stress Study with one RA in each
room. A study team member greeted the participants, explained the study, and received consent
before taking anthropometric measurements, including height, weight, mid upper arm
circumference, and waist circumference. Seated blood pressure was also collected (protocol
described below) and participants then began the survey based questionnaires. Participants were
provided a light meal and drink during data collection and were allowed to take as many breaks
as desired. Afterwards, RAs instructed the participants on the cortisol collection procedure and
daily diary entries. Both the child and adult provided their afternoon samples at this time.
Afterwards, the adult participant provided blood droplets for dried blood spot collection.
Participants were then compensated (150 ZAR) and released from the study with their cortisol

collection kits. A driver picked up their samples 3-5 days after the initial visit and reviewed each
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sample with the participant to identify any problems with collection. The driver took notes on

each sample and paid the participant an additional 50 ZAR for completing the home cortisol

collections.

Participant consent

All participants who agreed to participate provided verbal consent using a consent
document that ensures the confidentiality and voluntary nature of the study and emphasizes the
potential risks. Written informed consent was not obtained if participants were not literate - for
these participants, we obtained written consent. All interviewed were administered by a Zulu
and/or Xhosa-speaking research assistant as well as one English-speaking interviewer in a
private interview room at DPHRU. The consent process ranged from ten minutes to as long as
the participant felt comfortable participating in the study and were fully aware of the risks and
benefits involved.

Per the South African National Health Act, which came into effect in March 2012
(Human Sciences Research Council 2012), children between the ages of 7- 18 were required to
provide consent through their own assent in addition to receiving permission from their parents
to participate. To consent children under the age of 7, we followed the University of Cape Town
- Faculty of Health Science guidance, “Research Involving Children” (University of Cape Town
2013). Parental consent and permission were mandatory. During the project, the interviewer
monitored children for behavior indicating that they no longer wished to take part such as
refusing to cooperate or crying. If a child demonstrated such behavior, the procedures were
discontinued. Children were reassured that their participation is not mandatory to ensure that

children did not feel coerced to participate.
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Anthropometrics

Anthropometric measurements were carried out using World Health Organization
standard anthropometry techniques by trained research assistants EXPLAIN. Weight were
measured to the nearest 0.01kg and height were measured to the nearest 0.01cm using a
stadiometer (Holtain Stadiometer®, Crymych, UK). Waist circumference was measured midway
between the lowest rib and the iliac crest, and mid-upper arm circumference measured at the
mid-point between the tip of the shoulder and the tip of the elbow using a non-stretchable
anthropometric tape.

For adults, obesity was defined as Body Mass Index (BMI) of 30 kg/m? or more,
overweight is defined as BMI 25-29.99 kg/m?. For children less than five years of age,
overweight will be defined as weight-for-height above two standard deviations (overweight and
obese) or above three standard deviations (obese) from the median of the WHO Child Growth
Standards. For children aged between 5-19 years, overweight is BMI-for-age greater than 1
standard deviation above the WHO Growth Reference median; and obesity is greater than 2
standard deviations above the WHO Growth Reference median. Stunting is derived from WHO

age and sex adjusted growth standards and defined as height-for-age z-score below -2 SD.

Road to Health Card

Parents of the BT20 3G participants were asked for their child’s Road to Health card
(RHC), a medical record summary of a child's health in the first 5 years of life. Information on
all South African children’s growth, illness and morbidity from birth to the interview are
recorded on their RHC. Date of birth, birth weight, available measurements of child height and

weight, information on medical history and access to health care services were retrieved.
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Upon consent, a series of surveys were administered to collect information on

demographics, child and maternal mental health status (depression, anxiety, and PTSD risk), and

recent history of child and maternal stress exposures. Surveys were administered by research

assistants using tablets and paper copies will be used as back-up materials. The survey interview

included the administration of the following instruments:

Table 2. Survey interview questionnaires

Title

Description

Demographics Questionnaire

General survey that assesses various
sociodemographic factors, including but not
limited to age, sex, race, socioeconomic
status, educational attainment, household
conditions, access to healthcare, etc.

General Health Questionnaire

Screening device for identifying minor
psychiatric disorders in the general population
and non-clinical psychiatric settings. Assess
four domains of mental health: somatic
symptoms, anxiety and insomnia, social
dysfunction and severe depression.

General Anxiety Disorder Scale

Short question screening tool evaluating seven
symptoms of anxiety for adults.

Post-Traumatic Stress Disorder Checklist

20-item self-report measure that assesses the
20 DSM-5 symptoms of PTSD.

Coping Checklist

Survey that assesses prevalence of
psychological social, economic, and political
factors that shape resilience

Development and Well-Being Assessment

Package of interviews, questionnaires and
rating techniques designed to generate ICD-10
and DSM-5 psychiatric diagnoses on 2-17
year olds.




120

Perceived Stress Scale

Survey that assesses the degree to which
situations in one's life are appraised as
stressful. Items were designed to query how
unpredictable, uncontrollable, and overloaded
respondents find their lives.

Perceived Social Support Scale

Survey that assesses the degree to which
participants receive, feel, and perceive the
ability of social support in their lives.

Life Events Checklist

Survey that catalogues major negative life
events that have occurred over the past one
year.

Biomarker survey

Survey that records biomarkers including
blood pressure and anthropometrics

Semi-structured Life History Interview

A series of open-ended questions designed to
explore participants’ life experiences.
Domains of life examined in this interview
include but are not limited to childhood,
migration, stress and trauma, apartheid-related
experiences, coping and resilience, social
support, etc.

Administered at home during the 4-day cortisol

collection:

Health Questionnaire

Survey that assesses health status, disease
history, health behaviors, and lifestyle

Morning Daily Diary Survey that assesses daily stress and mood
that occurred between bedtime and morning
the next day.

Evening Daily Diary Survey that assesses daily stress and mood

that occurred between morning and before
bedtime.

Office blood pressure measurement

Office blood pressure monitors were fitted on the left arm by the research assistant and

blood pressure were measured following the 2018 European Society of Hypertension Guidelines

after 5 minutes of rest and with the participant seated, feet placed on the floor and legs
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uncrossed. With the forearm resting at the level of the heart, three measures will be taken using

an appropriate size cuff at the brachial artery on the left arm, with 2 minutes between each
measure. A further reading is taken if the first two readings differ by >10mmHg. Systolic and
diastolic pressure and pulse will be recorded for all readings. Blood pressure measurements were
taken as the average of the last two readings with the first reading discarded. The criteria for

referral are resting office blood pressure of 140/90 mmHg or above.

Dried blood spot collection

The participant was first asked to rotate their arms to encourage blood flow to the fingers
and which finger they would prefer to receive a lancet stick. The selected finger was sterilized
using an alcohol swab then allowed to dry. Afterwards, the hand was rubbed in a downward
direction from the palm to the end of the finger, then the selected finger was pricked using a
sterile, single-use microlancet (BD Microtainer Contact-activated lancet). The first drop of blood
was wiped away using a roll of cotton and each subsequent drop of blood was blotted onto the
filter paper (Whatman 903 Protein saver card). The filer paper was dried between 4 and 14 hours
(overnight). Cards were then placed in a freezer box at -20C at DPHRU until samples were
shipped to the Laboratory for Human Biology Research at Northwestern University in Evanston,
IL, USA. C-reactive protein (CRP), a protein biomarker of inflammation, was analyzed to assess
inflammatory profiles and HPA axis dysregulation. Only participants above the age of 11 were
recruited for dried blood spot collection. No developmental considerations for sampling are
necessary for C-reactive protein (CRP), the sole biomarker collected through dried blood spots,

as CRP is understood to circulate at stable levels as early as birth (Ng et al. 1997).
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Diurnal salivary cortisol and daily diary collection

Daily diary and cortisol collection task: All participants, both parents and children (total

age range: 4-31), were invited to participate in a four day cortisol and daily diary collection. The
collection involved two activities: 1) collecting saliva samples (starting the evening of the
interview to the next three days); 2) completing morning and evening diaries (starting the
evening of the interview). For children under the age of 10, parents were asked to assist with
sample collection. Participants took these kits home with them to complete. All completed
materials will be returned (identified by ID number only) to a DPHRU driver upon completion.
All samples were stored in the participant’s home refrigerator (if available). If placed in room
temperature, participants were instructed to record this.

Morning and evening diaries: Evening diaries were completed the same night and queries
events and emotions occurring that day for the upcoming day. Short morning diaries were
completed immediately after waking. Morning diaries assessed sleep quality and duration from
the night before, and expectations for the upcoming day. To elicit reports of both major and
minor stressors, participants were asked to describe the event that was the “most stressful” for
them that day, as well as smaller events that were “stressful”, “annoying” or “challenging” (they
also reported their mood states in response to each of those events). Participants also reported on
health behaviors such as smoking, drinking, naps and exercise that day. All participants will
complete the Morning Diaries using paper and pencil. All participants were given a back-up set
of paper diaries and saliva collection tubes.

Home Cortisol Samples: Participants were asked to provide cortisol samples on the two

nights after the interview through passive drool. A total of thirteen samples were collected,

which were provided during the times listed: 1) Afternoon (at the interview), 2) Evening of
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interview (e.g. before bedtime), 3) Waking, 4) Waking + 30 mins, 5) Waking + 45 mins, 6)

Evening 7) Waking, 8) Waking + 30 mins, 9) Waking + 45 mins, 10) Evening, 11) Waking, 12)
Waking + 30 mins, 13) Waking + 45 mins. Three additional samples were provided for make-up
collections for waking, waking + 30 mins, and waking + 45 mins. Samples were refrigerated
immediately after sampling.

Missed diaries/samples and Reminder Calls: If participants missed collection of a diary
entry, saliva sample, or sleep measurement on one of the study days, they were asked to “make
up” for the missed sample, diary, or sleep measurement on the following days (i.e. we left a 1
day buffer between the diary study completion and dropping off the materials). Research
assistants were available by cell phone to answer questions from diary participants.

Delivering Completed Diary Materials: All completed diary study materials were

returned to a research assistant from the study at DPHRU by a driver who collected samples at
participants’ homes. All diary study participants will receive a second 150 ZAR honorarium as
an incentive for participation in this portion of the study. Saliva samples were stored at -20C

degrees in a locked laboratory at DPHRU until assayed.
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CHAPTER 4:
Maternal prenatal stress during the first trimester and infant birthweight
in Soweto, South Africa

Abstract

Background: Approximately 14.2% of newborns are estimated to be born low birth weight
(LBW) in South Africa. Past work has implicated maternal prenatal stress as a potent predictor of
poor birth outcomes, including preterm birth, intrauterine growth restriction, and LBW.

However, less is presently known about the impacts of prenatal stress during early gestation in
low- and middle-income contexts, where public health burdens due to LBW are much higher.

Objective: We assess the effects of psychosocial stress during the first trimester on birthweight in
a large sample of women (n = 657) in Soweto, South Africa, a peri-urban township located in the
Greater Johannesburg area.

Methods: Data come from the Soweto First 1000 Days Cohort, a study of maternal and fetal
predictors of infant birth outcomes. Multiple regression models were used to examine the impact
of prenatal stress on infant birthweight.

Results: The prevalence of LBW was 16.6%. Adjusting for maternal age, gestational age, fetal
gender, body mass index, and parity, maternal prenatal stress during the first trimester was a
borderline predictor of lower birthweight in this sample (B = 12.7, p = 0.071, 95% CI [-26.4,
1.10]). Women who reported greater levels of stress appeared to have non-significantly longer
gestations, and the negative impact of maternal stress on birthweight only appeared after
adjusting for this pattern.

Conclusions: These results suggest that fetal growth restriction associated with first trimester
maternal stress may contribute to lower birthweights in this sample. Our findings report modest
relationships between maternal stress specific to early gestation as likely important to birth
outcomes in this urban South African sample.
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4.1 Introduction

Being born low birthweight (LBW, BW<2500g at birth) increases one’s risk for a wide
range of poor physical and mental health outcomes that can persist across the lifecourse, and can
even have effects that impact health in the next generation (Barker 1998; Kuzawa & Sweet 2009;
Levitt et al. 2000). It is well-known that neonates born small or preterm face greater risk of
perinatal morbidity and mortality (Bernstein et al. 2000). Additionally, growing evidence
suggests that LBW status also shapes health outcome across development into adulthood,
affecting risk of a wide range of diseases such as diabetes (Harder et al. 2007; Whincup et al.
2008), hypertension (Mu et al. 2012), and neuroendocrinological (Jones et al. 2006; Wiist et al.
2005) and inflammatory dysregulation (McDade et al. 2009). In turn, some of the long-term
sequelae of being born small can increase the risk of giving birth to lighter babies in the next
generation (Kuzawa & Sweet 2009; Thayer et al. 2012). These major public burdens caused by
LBW have long impacted low- and middle-income countries (LMICs) at disproportionate levels
(UNICEF-WHO 2019), which foreshadows a concerning public health burden caused by the
increased risk of diseases associated with both LBW status.

A growing body of research has reported that gestating mothers who experience
psychosocial stress are at heightened risk of giving birth to neonates with lower birthweights
(Ae-Ngibise et al. 2019; Patil et al. 2020; Therrien et al. 2020; Zhu et al. 2010). Experiences of
maternal prenatal stress are understood to contribute to LBW as a result of reduced gestational
duration and restricted fetal growth, and often times, a complex combination of both gestational
responses. Previous studies have shown that pregnant mothers with greater psychosocial stress
tend to give birth to children with shorter gestational ages (Bussiéres et al. 2015; Coussons-Read

2012), who are preterm (Rosa et al. 2019; Wadhwa et al. 2011; Zhu et al. 2010), who are small-
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for-gestational age (SGA) (Class et al. 2011; Khashan et al. 2014), and in some cases, infants

who are growth restricted (Berkowitz et al. 2003; Glynn et al. 2001; Resnik 2002). Additionally,
previous studies have documented a wide variety of stressors that also predict LBW, which
include pregnancy-related stress (Hobel et al. 2008), poverty (Lee & Lim 2010), racial
discrimination (Collins et al. 2004), and maternal depression (Grote et al. 2010) and anxiety
(Ding et al. 2014). Conversely, some researchers have found no evidence for impacts of stress on
birthweight (Engel et al. 2005; Ramchandani et al. 2010).

While the mechanisms underlying the impacts of maternal cortisol on fetal development
are only partially understood (Gitau et al. 2001), psychosocial stress exposure during earlier
windows of gestation may lead to decreases in birthweight due to neuroendocrine-mediated fetal
growth restriction and earlier parturition (D’ Anna-Hernandez et al. 2012; Glynn et al. 2001).
Three potential mechanisms have been suggested: maternal cortisol exposure through the
placenta, downregulation of cortisol-shielding enzymatic mechanisms, and reduced stress
reactivity across pregnancy. First, stress-initiated elevations in circulating glucocorticoids (GCs)
may lead to greater levels of cortisol to move through the placenta and reach the fetus
(O’Donnell et al. 2009). Greater maternal cortisol levels during early periods of pregnancy have
been associated with being SGA (Goedhart et al. 2010) and LBW (Bolten et al. 2011; D’ Anna-
Hernandez et al. 2012; Goedhart et al. 2010). Contrary to the negative feedback loop between
adrenal cortisol exposure and hypothalamic corticotropin-releasing hormone (CRH) production,
higher cortisol exposure increases CRH production in the placenta, which subsequently can
upregulate the production of pituitary adrenocorticotropic hormone (ACTH) and in turn, cortisol
in both the mother and the fetus (Majzoub & Karalis 1999). Growing evidence also suggests that

greater prenatal stress exposure may result in maternal immune dysregulation during pregnancy,
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which has been associated with adverse gestational development and birth outcomes, including

restricted fetal growth, preterm birth, and LBW (Beijers et al. 2014; Nazzari et al. 2019).

Second, early increases in maternal cortisol during gestation may also downregulate fetal
buffering mechanisms against maternal cortisol. Placental levels of 11B-hydroxysteroid
dehydrogenase (11B-HSD-2) act as a natural shield against maternal cortisol in utero by
converting cortisol into biologically inactive cortisone. Maternal cortisol, however, is still able to
penetrate the fetus in small amounts particularly when circulating maternal cortisol reaches high
concentrations or when 11B-HSD-2 is downregulated (O’Donnell et al. 2012). For instance,
recent evidence reports that high levels of maternal GCs can consequently downregulate 11f3-
HSD-2 production, thus allowing greater passage of GCs, including cortisol, into the womb
(O’Donnell et al. 2012). Placental 113-HSD-2 levels are naturally and relatively low during early
gestation (Hobel et al. 2008), and during this time cortisol may more easily pass through the
placenta during earlier stages of pregnancy to slow fetal growth rate and shorten GA.

Finally, the impacts of early prenatal stressors on fetal development and birthweight may
be heightened as behavioral and biological stress sensitivity decreases among mothers over the
course of pregnancy. The sensitivity of both major stress-regulatory systems, the HPA and the
sympathetic-adrenal-medullary (SAM) axes, declines as pregnancy advances. For example,
mothers in advanced stages of pregnancy show decreased psychological sensitivity (Glynn et al.
2001), HPA axis reactivity (Kammerer et al. 2002; Obel et al. 2005), and decreased blood
pressure responses to stress (Nisell et al. 1985) relative to those in earlier stages.

While the mechanisms by which maternal GCs contribute to intrauterine growth
restriction and preterm birth are unclear, high levels of stress (Glynn et al. 2001; Lederman et al.

2004) and cortisol during the first trimester have consistently been shown to predict LBW
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(Bolten et al. 2011; D’ Anna-Hernandez et al. 2012; Goedhart et al. 2010). This stands in contrast

to the potential impacts of second or third trimester stress on LBW risk, which may play less of a
role compared to first trimester stress due to the relative dampening of stress reactivity among
late-stage pregnant women (Glynn et al. 2001; Kammerer et al. 2002) as well as the higher levels
of 11B-HSD-2 buffering as pregnancy progresses. Thus, during times of low 113-HSD-2
buffering, normal psychological and physiological stress reactivity, and high levels of stress-
initiated maternal cortisol and placental CRH secretions in utero, cortisol may more easily pass
through the placenta during the first trimester to affect the developing fetus to possibly slow fetal
growth rate and shorten gestational length. We hypothesize that greater exposure to maternal
stress during earlier periods of gestation will correspond with lower birthweights.

Notably, studies of prenatal stress and birthweight predominantly draw from samples in
North America and Europe (Bussiéres et al. 2015), which leads to a research bias that
overemphasizes psychosocial experiences and social-environmental conditions affecting mothers
among high-income, Western populations. Consequently, it also overlooks LMICs that face
greater burdens of LBW, such as South Africa where rates of LBW are relatively high (14.2%)
and surprisingly close to the rates observed in more poverty-stricken countries in the sub-
Saharan region (UNICEF-WHO 2019). In South Africa, LBW is the second leading cause of
death in children under 5 years of age (Bradshaw et al. 2003). These trends have been tied to a
long history of institutionalized segregation, poverty, and social marginalization characteristic of
the apartheid regime, which actively discriminated against people of color, including but not
limited to individuals categorized as Black, and continues to affect these communities. To
address these gaps, here we examine the timing-specific effects of maternal stress during

pregnancy on birthweight in a sample of women living in Soweto, South Africa.
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4.2 Methods

Study Setting

This study was nested within a large pregnancy cohort study (Soweto First 1000-Day
Cohort; S1000), based in the Developmental Pathways for Health Research Unit in Soweto,
South Africa between 2013 and 2016. Under the 1960 Group Areas Act, the apartheid
government segregated communities of color to live in demarcated areas, and Soweto was
reserved for people classified as Black. Today, Soweto is a large peri-urban area of Johannesburg
comprised of ethnically-, linguistically-, socioeconomically-diverse African communities
(Alexander et al. 2013).

Overall, S1000 aimed to understand the complex associations between multiple maternal
factors and fetal and infant outcomes in an urban African context, and to identify the levers that
could optimize maternal and child health within the first the 1000 days; from conception to two
years of age. Inclusion criteria were as follows: resident of the greater Soweto area, <20 weeks
pregnant and no known diagnosis of epilepsy or diabetes at the time of recruitment, 18 years or
older and pregnant with a singleton, naturally conceived pregnancy. A total of 657 women were
included in the analytical sample, and 173 women were excluded from the final sample because
of missing data for key variables. All women provided written informed consent prior to their
inclusion in the pregnancy component of the study. Ethics approval was obtained from the
University of the Witwatersrand Human Research Ethics Committee (M120524].

Demographic, Health and Socio-Economic Variables

Maternal demographic variables were collected by trained research staff using

interviewer-administered questionnaires at the first pregnancy visit (<14 weeks GA) (Table 1).

Parity was defined as the number of previous births at a gestational age of 24 weeks or more -
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regardless of whether the infant was born alive or was stillborn (0 = no previous births, 1 = one

or more previous births). Smoking and/or chewing tobacco was reported at baseline. HI'V-status
was self-reported at each visit and confirmed using the results recorded in the participant’s
antenatal clinic card. All HIV-positive participants in this study were receiving antiretrovirals.
Household socio-economic status was assessed using an asset index which scored each
participant according to the number of assets that they possessed out of a possible 11 (electricity,
radio, television, refrigerator, mobile phone, personal computer, bicycle, motorcycle/scooter, car,
agricultural land, farm animals). This was based on standard measures used in the Demographic
and Health Surveys household questionnaire and has been extensively utilized in this setting
(Kagura et al. 2016). Maternal education was defined according to the highest level of
completion.
Anthropometry

A wall-mounted Stadiometer (Holtain, UK) was used to measure maternal height to the
nearest | mm at baseline. Maternal weight was measured to the nearest 0.1 kg at each visit
during pregnancy using a digital scale. Weight at recruitment (<14 weeks) was used as a proxy
for pre-pregnancy weight and, together with height, was used to calculate maternal body mass
index (BMI) (weight (kg)/height (m?)).
Maternal prenatal stress and social support

A 14-item scale was used to assess stress (including relationship, family, economic, and
societal stressors) during recruitment (<14 weeks). Each question records a yes/no response to
whether the stressor of question was experienced in the past six months. This scale was
developed in previous cohort work in Soweto and is considered a reliable measure of stress

(Ramchandani et al. 2010). While each scale assesses retrospective exposures of stress within the
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past six months, we treat each time of collection as the approximate time of antenatal stress

exposure. Social support was measured using a series of nine questions to identify the absence or
presence of instrumental and emotional support, including: people available to help, a
confidante, being able to speak to her partner, belonging to a community organisation/ church
and having a friend with a baby.
Birth outcomes

Gestational age at delivery (weeks) was calculated as: [duration of pregnancy follow-up
(date of delivery — date of baseline ultrasound dating scan) + GA at baseline (days)]. Birthweight
was measured by trained research nurses within 24 hours of delivery for 82% of neonates. Where
assessment within this window was not possible, measurements were taken within 48 hours.
Statistical analyses

All variables were examined for normal distribution and outliers. Bivariate analyses were
conducted between exposure variables, birthweight, and covariates. Covariates were included
based on a priori knowledge of social, biological, and obstetric risk factors that may potentially
confound the relationship between prenatal stress and birthweight. The following variables were
considered for inclusion as confounding factors: marital status (single, married), household
assets (number of assets owned among the following list of items: electricity, radio, television,
refrigerator, mobile phone, personal computer, bicycle, motorcycle/scooter, car, agricultural
land, and farm animals), maternal education (last year of education completed), household
density (number of inhabitants divided by number of rooms available for sleeping), social
support (composite score), alcohol consumption (yes/no), maternal depression (Edinburgh

Postnatal Depression Scale) (Cox et al. 1996), maternal anxiety (State-Trait Anxiety Inventory)
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(Marteau & Bekker 1992), gestational diabetes (self-reported diagnostic status), and HIV status

(self-reported) (p > 0.10).

Bivariate analyses were conducted to identify potential confounding variables for
inclusion in the final analytic models (Table 2). With the exception of known confounding
factors for birthweight, only those that were statistically significant at the 0.1 level were included
the final models. Multiple ordinary least squares (OLS) regressions were conducted to examine
the impact of prenatal stress on birthweight. Maximum likelihood ratio tests assessed whether the
models with the interaction terms were an improvement over the main effects models at p < 0.15

for declaring the interaction term significant.

4.3 Results

This study included 657 mother and infants (Table 1). Participants included in the
analytical sample were similar to those excluded (n = 173) with respect to first trimester prenatal
stress, birthweight, fetal gender, maternal BMI, and GA (p > 0.05). Late pregnancy prenatal
stress, primiparity, and maternal age were significantly different from those excluded from the
sample (p < 0.05). Mothers in the analytical sample exhibited slightly lower average levels of
stress, reported marginally higher rates of primiparity, and were older by about one year. Fetal
gender, maternal age, maternal BMI, primiparity, and GA were significantly associated with
birthweight.

Table 3 presents the results of the OLS regression analyses of maternal and fetal factors
that predict infant birthweight. The unadjusted model (Model 1) predicting birthweight on first
trimester prenatal stress, while insignificant, displays a negative relationship as expected. This

relationship between prenatal stress and birthweight remains insignificant after adjusting for fetal
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gender, maternal age, and maternal BMI (Model 2 & 3). The association between prenatal stress

approaches significance (f =-12.4, p = 0.079, 95% CI [-26.3, 1.44]) after controlling for GA,
which strongly predicts birthweight and accounts for a large portion of the variation (46%).
Finally, prenatal stress remains inversely related to and a modest predictor of birthweight after
adjusting for primiparity. A one-point increase in prenatal stress scores corresponded with a -
12.7 g decrease in birthweight (B =-12.7, p = 0.071, 95% CI [-26.4, 1.10]). Gender, maternal
BMI, GA, and primiparity significantly relate to birthweight and maternal age serves as a modest
predictor of birthweight. After adding maternal smoking to the model (Model 7), the effect of
prenatal stress strengthens but becomes insignificant. The interaction between prenatal stress and
gender was not significant (p = 0.752, 95% CI [-32.1, 23.2]) suggesting that there were no
gender differences in the effects of prenatal stress on birthweight in our sample. An identical
logistic model predicting LBW was also analyzed and found that the effect of prenatal stress on
LBW was non-significant yet trended in the expected direction (p = 0.673, OR = 1.03, 95% CI
[0.90, 1.17]).

The effect of first trimester maternal stress on GA was also examined to determine
whether shorter gestational periods contributed to lower birthweights. Both unadjusted and fully
adjusted models show that the effect of first trimester prenatal stress is not associated with GA
(results not shown). Specifically, these analyses also reported a positive but non-significant
relationship between maternal stress and GA: women with higher levels of maternal stress during

their first trimester seemed to have longer gestations.
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4.4 Discussion

We report an inverse relationship between maternal stress severity and infant birthweight:
first trimester maternal stress is associated with lower birthweights in our sample of women in
Soweto, South Africa. There was also no evidence that the relationship between stress and
birthweight was modified by maternal depression, anxiety, and perceived social support. These
results point to the importance of the first trimester as an important developmental period for
infant birth outcomes.

Previous studies have also reported the inverse relationship between higher first trimester
prenatal stress and lower birthweights (Coussons-Read et al. 2012; Dancause et al. 2011; Ryu
2019; Vrijkotte et al. 2009; Zhu et al. 2010). For example, in a large sample of expectant mothers
in Hefei, China, self-reported stressful life events that occurred during the first trimester
predicted lower birthweights, which were unrelated to stress during the second or third trimester
(Zhu et al. 2010). Additionally, in a study of the impacts of a severe ice storm, GA and
birthweights were lower among women exposed to the ice storm during early and mid-pregnancy
(Dancause et al. 2011). Conversely, a number of studies have also reported no evidence for the
effects of first trimester stress on birthweight (Rondo et al. 2003). A wide range of severity and
type of maternal stress exposure have been examined in past literature, (e.g. pregnancy-related
distress, natural disasters, domestic violence, poverty, trauma, etc.) and the downstream
biological pathways linking certain forms of maternal experience and LBW may vary, such as
the case of maternal depression (Field et al. 2006). Nevertheless, the larger relationship between
maternal prenatal stress that occurred during the first trimester and infant birthweight is

consistently documented across study populations.
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Our final model (Model 7) also uncovered the deleterious effect of maternal smoking

during pregnancy on lowering infant birthweights. While the effect of maternal stress
approached significance after controlling for key covariates, the prenatal stress variable became
statistically insignificant after including the smoking variable into the model, which itself was
not a significant predictor of birthweight. Maternal smoking during pregnancy is a well-known
risk factor for LBW (Magee et al. 2004; Steyn et al. 2006) and is understood to lower
birthweight through various pathways, including fetal hypoxia (Abel 1980), uterine
vasoconstriction (Quigley et al. 1979), and oxidative stress-mediated alterations in placental
function (Stone et al. 2014), all of which can contribute to fetal growth restriction. Further
analyses indicate that prenatal stress and smoking are collinear with one another (results not
shown), suggesting a possible bi-directional relationship between the two variables: smokers
may exhibit higher stress levels than non-smokers, or highly stressed women may be more likely
to smoke as a coping mechanism (Lobel et al. 2008). Because of this collinearity, our measure of
prenatal stress alone may adequately capture the negative impacts of both stress and smoking on
infant birthweight.

While GA was a significant and expected predictor of birthweight and accounted for 46%
of the variation in our models, contrary to the larger literature (Glynn et al. 2008; Zhu et al.
2010), prenatal stress does not appear to lower birthweight as a result of shortened GA in this
sample. Our data reported a positive but statistically insignificant relationship between the
severity of stress exposure during early pregnancy and GA. It is only after controlling for
gestational duration that the negative association between early prenatal stress and birthweight
approaches significance (Model 6). This pattern suggests that fetal growth is likely slowed in

relation to first trimester stress, but that this stress-linked delay in fetal growth is masked by non-
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significantly longer gestations among women in our sample. The lack of an association between

stress and GA may be explained by prior global epidemiological patterns of birth outcomes by
location, which show that in high-income countries, the majority of LBW babies are the result of
shortened gestation rather than growth restriction (Mattison et al. 2001). In contrast, in LMICs,
LBW persists irrespective of GA as well as an increased prevalence of SGA due to
environmental and nutritional conditions such as greater infectious disease burden and
undernutrition, which compromise maternal metabolism and the overall development of the fetus
(Pike 2005).

While the prenatal stress scale was operationalized as a marker of maternal stress at the
time of collection, the timing effects may reasonably reflect exposures experienced up to six
months prior to data collection as the scale assessed retrospective maternal exposures within the
past six months. Because the stress assessment was administered before 14 weeks of pregnancy,
the measure may represent experiences up to three to six months before pregnancy. Pre-
pregnancy maternal stress has also predicted LBW in past studies (Khashan et al. 2008). In the
present study, there is also no evidence for the protective effects of social support as the main
effects of social support and the interaction between stress and social support was not significant.

In summary, women who experienced psychosocial stress early in gestation gave birth to
modestly lower birthweight babies in our sample of South African mothers and infants. Women
who experienced greater levels of stress appeared to have non-significantly longer gestations,
and the negative impact of maternal stress on infant birthweight only appeared after adjusting for
this pattern. These results suggest that delays in fetal growth associated with first trimester
maternal stress may contribute to lowering birthweights in our sample. Our findings emphasize

the importance of better understanding the sources of stress experienced among women of
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reproductive age in Soweto in order create social interventions aimed at reducing maternal stress,

especially early in gestation. Furthermore, this study informs larger public health campaigns,
such as earlier antenatal visits, earlier ultrasound screenings, and better monitoring of maternal
psychosocial states during pregnancy, designed to ameliorate and prevent the high morbidity of

poor birth outcomes across South Africa and other LMICs.



138

4.5 Tables and Figures

Table 1. Demographic characteristics, social experience, and birth outcomes

Variables n=657 Mean (SD) % Range
Demographics
Infant gender (% female) 326 49.6
Age (at enrollment) 30.1 (5.8) 18 -44
18-24 142 21.6
25-29 183 27.9
30-34 169 25.7
35-44 163 24.8
Marital status
Single 403 61.3
Married/Cohabiting 254 38.7
Educational attainment (% attended)
No school or primary school 17 2.6
Secondary school 478 72.8
Professional/teaching/university 162 24.7
Maternal body-mass index (BMI) 28.2 28.2(6.22) 15.8-60.6
Primiparity (count) 1-9
0 589 89.7
>1 68 10.3
Smoking
No 602 91.6
Yes 55 8.4

Social experience

Prenatal stress, 1*' trimester (count) 4(2.3) 3.7 (2.3) 0-12
Social support, 1* trimester (count) 6(1.2) 6.1(1.3) 2-8
Maternal depression, 1* trimester 9.4(5.9) 9.4 (5.9) 0-27
Maternal anxiety, 1* trimester 9.4 (2.5) 9.4 (2.5) 6-21

Infant birth outcomes

Birth weight (g) 2971 (578) 730 — 4500
Low birth weight (<2500g) 109 16.6%
Gestational age (week) 38.1(2.4) 25-42

Preterm birth 96 14.6%




Table 2. Zero-order correlations across study variables
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1 2 3 4 5 6 7 8

1. Birthweight | 1
2. Stress -0.0299 1
3. Gender 00668 | 00222 |1
4 Maternal | o749+ | 00122 | 0.0455 1

age
> g[;[tfmal 0.1615% |-00142 |00221 |o01121% |1
6. Sg";taﬁonal 0.6822% | 0.0346 | 0.0451 20.0846% | 0.0073 | 1
7. Primiparity | -0.0125 | -0.0081 | 0.0331 | -0.2654* | -0.1470% | 0.1242% | 1
8. Smoking | -0.0719 | 02071% | 00138 | -0.0644 | -0.0445 |-0.0083 | 0.0983*

*p <0.05
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Table 3. Multiple regression models of first trimester prenatal stress scores predicting

birthweight (grams)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
;rreerslgtal 76+100 -72+100 -7.0+£99  -63+98 244710 -127+£7.00 -103+72
Gender -76.4 £ A -l141% -109.8 = -109.3
(female) 45.10 T2TEAS0 TO1EAAAT g s 31.8% 31.8%
Maternal age 71+390  -90+38%  -3.0+28 5.1+2.8 53+2.8
gﬁfmal 16.1 £3.6%%%  15.0£2.6%%%  [4.0+£2.6%%*  13.9+26%+*
Sge:ta“"“al 237 1.0%%% 240+ 1.0%5% 24,0+ .00
Primiparit -165.7 + -158.1+
parity 54.7%% 54.9%+
Smoking -94.5+59.3
Intercent 2997.5 + 3034.0 + 3244.7 + 2849.1 + -3658.9 + -3635.6 + -3616.1 +
P 42 9%k 47.9%%* 124, 1%%* 151.0%%* 285.7H#* 284.0%#* 284.0%#*
Model R?2  0.0009 0.0053 0.0104 0.0399 0.5034 0.5103 0.5122

Ap<0.10, *p < 0.05, **p < 0.01, ***p < 0.001
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CHAPTER 5:
Psychological Legacies of Intergenerational Trauma under South African Apartheid:
Prenatal Stress Predicts Increased Psychiatric Morbidity during Late Adolescence and
Early Adulthood in Soweto, South Africa

Abstract

Background: South Africa’s rates of psychiatric morbidity are among the highest in sub-Saharan
Africa and are foregrounded by the country’s long history of poverty, repression and political
violence during Apartheid. Recent evidence for prenatal influences on adolescent mental health
suggests that maternal trauma exposure during gestation may intergenerationally impact the
developing fetus and affect the future child’s risk for psychiatric morbidity. We aimed to
evaluate the intergenerational effects of prenatal stress and trauma experienced during Apartheid
on psychiatric morbidity measured at 17-18 years of age and also evaluated the potential
ameliorative effects of prenatal social support.

Methods: Participants (n = 1051) come from Birth to Twenty Plus, a longitudinal birth cohort
study in Soweto-Johannesburg, South Africa’s largest peri-urban township which was the
epicenter of violent repression and resistance during the final years of the Apartheid regime
(1990-1994). Pregnant women were prospectively enrolled in 1990 and completed
questionnaires assessing traumatic events and social support, and their children’s psychiatric
morbidity were assessed at age 17-18.

Results: Full data were available from 304 mother-child pairs in 2007-8. Pregnant women who
experienced worse traumatic stress in 1990 had children who exhibited greater psychiatric
morbidity during late adolescence in 2007. This relationship was only significant, however,
when we assessed the interactions between prenatal stress and three separate moderators.
Younger maternal age and greater past traumatic life events interacted with higher prenatal stress
scores to significantly predict elevations in psychiatric morbidity. Prenatal social support did not
appear to buffer the long-term impacts of prenatal stress on future psychiatric morbidity.

Conclusion: Younger maternal age and greater past adolescent trauma interacted with greater
prenatal stress to predict adverse psychiatric outcomes during late adolescence and young
adulthood. Our findings suggest that prenatal stress may affect adolescent mental health, have
stress-sensitizing effects, and represent possible intergenerational effects of trauma experienced
under Apartheid in this sample of South African mothers and children in Soweto-Johannesburg.
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5.1 Introduction

South Africa’s rates of mental, neurological, and substance use disorders are among the
highest in sub-Saharan Africa. In 2016, the estimated 12-month prevalence for any psychiatric
disorder was 16.2%, or approximately 9.1 million individuals (GBDCN 2017). Despite these
elevated rates of psychiatric morbidity, access to mental health treatment is poor: only 27% of
patients living with severe mental illness are expected to receive treatment (Herman et al. 2009).
The current state of public mental health in South Africa is foregrounded by a long and recent
history of institutionalized White supremacist policies implemented during the Apartheid regime
(c. 1948-1994). This period was characterized by systematic disenfranchisement of non-White
communities through various modes of social, economic, and political oppression (Beinhart
2001). Despite the legislative end of Apartheid policies and the birth of a new democratic in
1994, South African society continues to be plagued by the persistent societal institutions of
Apartheid, including chronic poverty (Gibbs et al. 2018), discrimination (Kuzawa & Sweet
2009), and racialized class inequality (Adjaye-Gbewonyo et al. 2016; Burns 2015), all of which
are known risk factors for psychiatric disorders (Allen et al. 2014; Moomal et a. 2009; Myer et
al. 2008).

In addition to these ongoing societal effects of poverty, structural violence and inequality,
there is growing evidence, from South African studies and other populations, that the stressors of
the past could have lingering biological effects that continue to influence socio-emotional
behavior and mental health across the lifecourse. Growing evidence from the fetal origins of
health and disease framework shows that past stress and trauma exposures, particularly those that

occur during early development, can durably alter the development and function of various stress
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regulatory mechanisms in humans, including the immune system, cardiovascular system,

neurobiological function, and neuroendocrine pathways (Barker et al. 1999; Gluckman &
Hanson 2004; Kuzawa 2008; Taylor et al. 2010; Heim et al. 2019). Recent findings also suggest
that these stress-linked alterations in stress physiology may also affect the developing offspring
through various pathways of genetic and non-genetic inheritance. For instance, large population-
based studies in the United Kingdom show that greater levels of maternal prenatal stress are
associated with an increased future risk for externalizing disorders in their children, such as
attention deficit hyperactivity disorder (Rice et al. 2010), conduct disorders (MacKinnon et al.
2018), and internalizing disorders like anxiety and depression among adolescents (O’Donnell et
al. 2014; Sharp et al. 2015). Additionally, the intergenerational signatures of maternal prenatal
stress exposure have been reported in offspring during adulthood in large cohort studies and
across various contexts such as Australia, the Philippines, and the United States (Betts et al.
2015; DeSantis et al. 2015; Entringer et al. 2009).

While the specific biological mechanisms that underlie the long-term psychiatric effects
of prenatal stress are unknown, growing evidence from the literature on the fetal origins of
psychopathology suggests that prenatal stress exposure alters the development, function,
sensitivity of human stress physiological systems across the life course, which in turn may
elevate one’s risk for a psychopathological presentation. These stress-sensitive systems include
the immune system, the catecholamine-producing sympathetic-adrenal-medullary (SAM) axis,
and the hypothalamic-pituitary-adrenal (HPA) axis, which regulates physiological reactions to
stress through stress-sensitive hormones like cortisol. Maternal stress-induced elevations in

cortisol can enter maternal circulation, penetrate the placental wall, and reach the gestational
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environment of future offspring, thereby impacting the development of fetal stress physiology

(D’Anna-Hernandez et al. 2012; O’Donnell et al. 2009).

Greater fetal exposure to cortisol is understood influence a wide variety of biological and
health phenotypes across the lifecourse. These include birth outcomes such as restricted fetal
growth rates, shorten gestations, and reduce birth size (Kim et al. 2020a; Rosa et al. 2019; Ryu
2019). Greater intrauterine cortisol exposure may also durably alter the development and
sensitivity of the fetal stress physiology (e.g. HPA axis, immune system, brain development),
which together with the maternal and placental systems, may have sustained impacts on the
child’s stress physiology across their lifecourse (Brand et al. 2010; DeSantis et al. 2015;
Entringer et al. 2009; Karlén et al. 2013). Early life stress-linked dysregulation of stress
physiological mechanisms, characterized by altered diurnal cortisol rhythms, glucocorticoid
resistance, chronic low-grade inflammation, and modulated brain function, has consistently been
reported as both a prospective risk factor and cross-sectional neuropsychiatric phenotype of a
range of psychiatric illnesses, including depression, psychosis, suicidal ideation, schizophrenia,
across the lifespan (Doane et al. 2013; Heim et al. 2019; Jarcho et al. 2013; Miller et al. 2011;
Taylor 2010; Vrshek-Schallhorn et al. 2013).

Additionally, recent evidence has also suggested that alterations in stress physiological
systems (e.g. neuroendocrine, inflammatory, molecular, and structural pathways) due to
developmental stress exposure may also alter sensitization to future stressors. The stress
sensitization hypothesis (Hammen et al. 2000) proposes that the risk for adult mental illness
following stressful life events is higher among individuals with a history of developmental
trauma than among individuals without a history of developmental trauma. Recent findings have

extended this hypothesis to suggest that greater early life trauma sensitizes or potentiates future
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reactions to stress and consequently, increases psychiatric disease risk (Heim et al. 2019;

McLaughlin et al. 2010; Shapero et al. 2014). While an increasing number of studies are noting
the long-term impacts of prenatal stress on infant, child, and early/mid adolescent psychological
status (Ilg et al. 2019; Koss & Gunnar 2018; Ping et al. 2020; Ziljmans et al. 2015), few studies
have examined the mental health impacts of prenatal stress into late adolescence and adulthood
and also evaluated the potential stress sensitization effects of prenatal stress (Koss & Gunnar
2018; Ping et al. 2020; Ziljmans et al. 2015).
This emerging evidence suggests that some proportion of the mental health burden of current
populations could reflect the lingering biological imprint of past traumatic experience during
gestation (Barker 1999; Krontira et al. 2020; Kuzawa & Sweet 2009). South Africa’s recent
history and the country’s tumultuous transition into democracy raise the question of whether the
traumas of Apartheid may continue to have lasting effects, influencing risk for psychiatric
morbidity across generations (Kim 2020). It furthermore raises the question of whether some of
these effects might be reversible, opening opportunities for public health interventions to reduce
the societal burden of psychiatric morbidity (Heim et al. 2019). However, little work in South
Africa has explored this hypothesis and its contribution to mental health. Furthermore, as the
most current research is conducted in high-income, Western contexts, it remains unclear if these
effects are seen in non-Western, low- and middle-income contexts like South Africa, where
adverse psychosocial and environmental conditions are more prevalent and where the burden of
mental illness is substantially greater (Patel 2007; Vigo et al. 2016).

This study examines the long-term impacts of prenatal stress and trauma from South
African Apartheid on psychiatric morbidity during late adolescence/early adulthood and the

possible reversibility of the long-term effects of prenatal stress in a longitudinal birth cohort
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study. Adolescence is an important period in the development of future mental illness as most

psychiatric conditions emerge during this stage (Patel 2007; Breslau et al. 2017) and because
adolescent psychiatric disease is a major risk factor for future adult mental illness (Pine et al.
1993; Sawyer et al. 2012). The recent history of Apartheid, high rates of mental illness, and low
rates of healthcare access emphasize the need to elucidate possible mechanisms underlying the
intergenerational mental health effects of prenatal trauma in order to improve public mental

health in South Africa.

5.2 Methods
Study setting and participants

Data come from a longitudinal birth cohort in South Africa called Birth to Twenty Plus
(Bt20++), which currently spans three generations of families in the greater Johannesburg-
Soweto area. The Birth to Twenty (Bt20++) study is both the largest and longest running
longitudinal birth cohort study of child health and development in Africa. Bt20++ emerged as a
collaboration between the University of the Witwatersrand in Johannesburg and the South
African Medical Research Council with the aim to assess the impacts of rapid urbanization
towards the end of Apartheid on the growth, health, well-being, and educational progress of
children. Soweto is the largest township outside of the city of Johannesburg and a site of
immense cultural and historical significance in the struggle against Apartheid. Racial and
political violence, government divestment, and widespread protest were common in both cities,
particularly at the legislative end of Apartheid, which is when pregnant women were first

recruited into the study.
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All singleton live births delivered in public sector hospitals between April 23 to June 8,

1990 and who were residents in the metropolitan Johannesburg-Soweto area six months after
delivery were enrolled in Bt20+ (Richter et al. 2007). In late 1989, BT20+ began interviewing
pregnant women in public antenatal clinics to identify potential participants whose births would
fall within the enrollment period. Enrolled Bt20+ neonates were cross-checked with all
government birth notifications during the 7-week time period. The study area covered
approximately 78 square miles at the time and included close to 3.5 million people, with about
400,000 informal housing units.

A total of 3273 singleton children were enrolled in Bt20+ and 72% of the initial cohort
continued to participate in the study after 17 years (Norris et al. 2007). The cohort is roughly
representative of the demographic parameters of the metropolitan Johannesburg-Soweto region.
Currently, the cohort underrepresents White children due to cohort enrollment taking place in
public health facilities; White families were more likely to utilize private practitioners and
facilities Although BT20+ children were all in utero during the Apartheid regime, they became
among the first generation born into a democratic South Africa, and colloquially known as
“Mandela's Children” because they were born shortly after Nelson Mandela's release from prison
on February 11, 1990. Between 1990 and 2007, the scope of this analysis, BT20+ families
participated in 18 waves of data collection, and follow-up studies continue. All participants
provided assent and their parents provided written, informed consent. Ethical approval was
obtained from the University of Witwatersrand Committee for Research on Human Subjects.

Before the full sample was achieved, 1594 women were interviewed during their third
trimester about their pregnancy, social experience, and household conditions. Antenatal

interviews were conducted by seven trained, multilingual, interviewers. Where translation of
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measures was required, consensual agreement on the phrasing of questions was reached.

Continuous translation and back- translation were used in order to ensure that the meaning/s
attained in the destination language mirrored those intended in the original one. The majority of
interviews were conducted in antenatal services, with a quarter conducted at home. Zulu, Sotho
and English were the most common languages used. Adolescents were interviewed in a research

facility at the Chris Hani-Baragwanath Hospital in Soweto and at home.

Prenatal stress and social support

Prenatal stress exposure (G1) during the third trimester of pregnancy was collected using
a 16-item scale (o = 0.64), adapted from Bluen et al. (1988) capturing information on exposure to
various forms of family and community stresses, including police violence, injury, and
incarceration. Yes/no responses indicated the presence or absence of each stressor during the
previous 6 months. After exploratory analyses, two questions were dropped: one due to a low
response rate (have you experienced any problems with your other children?) and the other due
to contradictory concepts being assessed at once (domestic and familial violence vs. partner
separation). Of the initial 1594 women, 1051 women (65.9%) completed all of the remaining
prenatal stress questions.

Social support was measured using a series of four, yes/no questions to identify the
absence or presence of instrumental and emotional support, including: people available to help, a
confidante, being able to speak to her partner, belonging to a community organisation/church.

All questions were summed to create a total score.
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Demographic, Health, and Socioeconomic Variables

During the antenatal visit in 1990, expectant women were asked about their current housing
situation (e.g. number of rooms, number of inhabitants), population group (i.e. “race’), marital
status, age, and obstetric history. Gravidity was calculated from information on obstetric history
and operationalized into a categorical yes/no variable (0 = no past pregnancy, 1 = past history of
pregnancy). They were also asked whether they used tobacco or had been drinking alcohol
during their pregnancy. At delivery, a series of questions about the neonate were administered to
gather information about gender, birth order, birthweight, and gestational age. Birthweight (g)
and gestational age (weeks) were obtained from the child’s Road to Health Card, a patient-held
child medical record provided to all new mothers in South Africa.

Household socio-economic status (SES) was assessed using an asset index which scored
each participant according to the number of household physical assets that they possessed out of
a possible 6 (e.g. television, refrigerator, washing machine, radio, telephone, home ownership,
car). Household SES was measured again in 2006 using an updated list of assets (e.g. television,
car, washing machine, refrigerator, phone, radio, microwave, cell phone, DVD, MNET, DSTV,
computer, and internet). The asset index was designed based on standard measures used by the

Demographic and Health Surveys (https://dhsprogram.com/), based on the work of Filmer and

Pritchett (1999). To capture the overall SES environment during prenatal development and 2007,
when the outcome measure was administered, an aggregate SES variable was constructed by

summing standardized assets scores from both years of data collection.

Household Stressful Life Events
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The occurrence of stressful life events in the household were assessed across two timescales, six

months and twelve months, and reported by the caregiver of the index child based on yes/no
responses.

Thirteen life events were assessed and summed together to create a composite measure of
household stress that occurred during the past six months, which included death of a sibling,
parent, and other family member (three separate questions), divorce, index child changing
schools, a serious illness or hospitalization experienced by the index child, caregiver, and family
member (three separate questions), marital separation, increase in arguments with partner,
caregiver separation from family for two weeks or more, a child leaving home, and
unemployment. Additionally, eight life events that occurred in the last year were summed to
create a separate composite measure, which assessed whether any member of the household

experienced robbery, harassment, threats, sexual molestation, physical violence, and murder.

General Health Questionnaire (GHQ-28)

The General Health Questionnaire (GHQ-28) is a psychological screener that provides a
measure of psychiatric morbidity based on four 7-item scales: somatic symptoms, anxiety and
insomnia, social dysfunction, and severe depression (Goldberg & Hillier 1979). It assesses
changes in mood, feelings, and behaviours during the past four weeks. The respondent evaluates
their occurrence on a 4-point Likert scale, “less than usual,” “no more than usual,” “rather more
than usual,” and “much more than usual.” Seven questions are reverse scored and transformed
before all responses summed. Bt20+ index children and their caregivers completed the GHQ

during a follow-up wave of data collection when the index children were 17-18 years old.
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Statistical analyses

All analyses were conducted using version 15.1 of Stata (Stata Corporation, College
Station, TX). All variables were examined for normal distribution and outliers. Bivariate
analyses were conducted between prenatal stress, psychiatric morbidity at age 18, and covariates.
Covariates were included based on a priori knowledge of social, biological, and obstetric risk
factors that may potentially confound the relationship between prenatal stress and later-life
psychiatric morbidity (de Mola et al. 2014; Entringer et al. 2009; O’Donnell et al. 2013). The
following variables were considered for inclusion as confounding factors: maternal age, maternal
education, marital status, gravidity, tobacco use, and alcohol consumption during pregnancy,
household density (ratio of the number of inhabitants to the number of rooms available for
sleeping), social support, and child gender. (» > 0.10). Fetal growth rate and gestational age were
also included as key covariates to examine the role of fetal growth restriction and preterm
delivery as possible pathways by which prenatal stress affects late adolescent psychiatric
morbidity. A proxy measure of fetal growth was created by regressing birthweight on gestational
age to create standardized residuals.

Bivariate analyses were conducted to identify potential confounding variables for
inclusion in the final analytic models. With the exception of known confounding factors for the
relationship between prenatal stress and later life psychiatric morbidity, only those that were
statistically significant at the 0.1 level were included in the final models. These variables
included infant gender, aggregate SES, gravidity, perceived social support during pregnancy,
maternal education during pregnancy, household density, alcohol consumption during
pregnancy, tobacco use during pregnancy, fetal growth rate, gestational age, maternal age, recent

stress, past stress, and maternal GHQ in 2007. Multiple ordinary least squares (OLS) regressions
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were conducted to examine the impact of prenatal stress on late adolescent psychiatric

morbidity.

The final analytical sample included 304 mothers and adolescents with requisite data
(Table 1). Participants included in the analytical sample were similar to those excluded (n = 747)
with respect to psychiatric morbidity at 17-18 years, prenatal stress, child gender, gravidity,
alcohol consumption, tobacco use, social support, household density, SES in 2008, fetal growth
rate, recent stress, past stress, and maternal psychiatric morbidity (p > 0.05). Birthweight,
gestational age, SES in 1990, maternal education in 1990, and the aggregate SES measure were
significantly different from those excluded from the sample (p < 0.05). Children in the analytical
sample exhibited higher birthweights and slightly longer gestations. Additionally, participants in
the analytical sample reported lower household SES in 1990, lower aggregate SES levels, but
more educated mothers in 1990. Thus, the analytic sample is somewhat disadvantaged compared

to excluded group.

5.3 Results

In our sample of 304 mothers and adolescent pairs, the average number of traumatic
events experienced within the past six months of the interview was 2.4/15 total events, while the
average number of social support resources was 2.8/4 (Table 1). About 24% of the sample, or 74
adolescents, surpassed the cutoff (51/112) for high psychological morbidity based on their GHQ
scores. Table 2 presents the results of the OLS regression analyses of fetal, maternal, behavioral,
and environmental factors that predict psychiatric morbidity during late adolescence. The
unadjusted model (Model 1) predicting GHQ scores on prenatal stress was positive although not

significant (f = 0.53, p = 0.169). The effect of prenatal stress did not substantively change after
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adjusting for gender or maternal age (Model 2). We tested for an interaction between prenatal

stress and gender, but we found no evidence for gender differences. The relationship between
prenatal stress and psychiatric morbidity strengthened and approached significance (B = 0.69, p =
0.066) after including gestational variables, specifically gravidity, gestational age, and fetal
growth (birthweight adjusted for gestational age) (Model 3). Greater fetal growth rates
significantly predicted greater adolescent GHQ scores (f = 0.035, p = 0.037). Adjusting for
maternal pregnancy exposures (Model 4), stress measures and maternal GHQ (Model 5),
socioeconomic markers (Model 6), and prenatal social support (Model 7) did not appreciably
modify the relationship between prenatal stress and adolescent GHQ, but the effect of prenatal

stress falls out of significance in Model 6.

Testing moderators of prenatal stress-later life psychiatric morbidity pathway

We next assessed factors that could moderate the relationship between PNS and future
psychiatric morbidity in the index generation: maternal age, recent/past stress, and social
support. We examined the effect of an interaction between gender and prenatal stress on
psychiatric morbidity, and results showed a non-significant interaction between prenatal stress
and male (B =-0.46, F[1, 287] = 0.35, p = 0.556). Model 8 reports a negative and significant
interaction between maternal age and prenatal stress severity (B =-0.17, F[1, 287]=7.14, p =
0.008), showing that the adverse psychiatric effects of prenatal stress are stronger in children
with younger mothers (Figure 2).

To assess the stress-sensitization hypothesis, we evaluated the interaction between
prenatal stress and both measures of household stress from the past six and twelve months. Our

results reported a non-significant interaction between prenatal stress and recent household stress
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from the past six months (f =-0.027, F[1, 287] = 0.001, p = 0.951) and a significant interaction

between prenatal stress and past household stress from the past year (Model 9: = 1.19, F[]1,
2871 =4.52, p = 0.0343) Figure 3). The effect of prenatal stress on late adolescent and early adult
psychiatric morbidity was stronger in index children living in households with greater stress and
trauma exposure. Finally, to explore the possible effects of positive maternal social environments
during pregnancy in ameliorating the long-term mental health impacts of prenatal stress, we
evaluated the effect of an interaction between social support and prenatal stress on psychiatric
morbidity. Results reported a non-significant interaction between social support and prenatal

stress (B = -0.092, F[1, 287] = 0.04, p = 0.836).

5.4 Discussion

In this longitudinal study of the intergenerational mental health impacts of prenatal stress
in South Africa, we find that pregnant women who reported greater trauma exposure during
Apartheid had children who exhibited greater psychiatric morbidity during late adolescence, 17-
18 years after the timing of their fetal stress exposure. This relationship, however, was only
significant after interacting greater prenatal stress with younger maternal age (p = 0.008) and
greater household stress and trauma in the past year (p = 0.0343) and remained statistically
significant after controlling for key demographic, social, and biological characteristics. In sum,
these data shed light on the potential fetal origins of late adolescent mental health and the
intergenerational effects of trauma from Apartheid in our birth cohort sample of South African
mothers and children in Soweto-Johannesburg. This study is among the first to prospectively
assess the long-term psychiatric impacts of prenatal stress into early adulthood in a low- and

middle-income country.
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The finding that greater prenatal stress predicts future psychiatric morbidity is consistent

with the growing literature on the fetal origins of later life psychopathology (Abbott et al. 2018;
Bosch et al. 2012; Davis et al. 2020; O’Donnell et al. 2013; Ping et al. 2020). Retrospective and
prospective studies of prenatal stress show that greater maternal social adversity during
pregnancy predicts elevated risks for developing psychopathologies like depression, psychosis,
and schizophrenia in the future (Lipner et al. 2019; McQuaid et al. 2019; Van den Bergh et al.
2008). The long-term, intergenerational effects of prenatal stress, however, were only significant
when the moderating effects of maternal age and past traumatic life events on prenatal stress
were independently assessed.

Our findings on the interaction between prenatal stress and younger maternal age
corroborate past research highlights the numerous socioeconomic, gendered, and cultural
adversities faced by younger pregnant mothers and their families in Soweto and other
communities in South Africa (Makola 2011; McLeod 1999; Richter et al. 2006; Willan 2013).
Young motherhood in Soweto is understood to be a highly stigmatized and morally
compromised status in Soweto and a period of greater vulnerability to certain forms of violence
in Soweto and other communities in South Africa (Panday et al. 2009). Past research in Bt20+,
Soweto, and elsewhere shows that young mothers frequently receive disappointment and
negative attitudes from their parents, ridicule and shame from nurses, and stigma from
community members (Makola 2011; McLeod 1999; Richter et al. 2006; Willan 2013) and that
infants of young teenage mothers were lighter at birth relative to neonates from older mothers
(Cameron et al. 1996; Lundeen et al. 2016; Rothberg et al. 1991). Our data also showed that both
younger age was associated with lower birthweight. The long-term developmental effects of

lower birthweight are well-documented — lower birthweight is associated with increased risk for
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a wide range of adolescent and adult mental illness risk across the lifecourse (Abel et al. 2010;

Barker 2004; Lerum et al. 2019; Orri et al. 2019).

Results also show that fetal growth, but not gestational age, is an important predictor of
later life psychiatric morbidity in this sample. Fetal growth was positively and significantly
related to late adolescent/early adulthood psychiatric morbidity. Also, our finding that fetal
growth weakens the coefficient on prenatal stress after inclusion into the model provides
preliminary evidence that fetal growth may be involved in the relationship between prenatal
stress and adolescent psychiatric morbidity. The direct effect of fetal growth rate on psychiatric
morbidity at 18, however, conflicts with past literature on the fetal origins hypothesis that
suggests that adverse intrauterine exposures and slower fetal growth, potentially due to stress-
induced alterations in gestational neuroendocrine activity, can durably impact health,
development, and disease risk in the next generation (Kuzawa 2008; O’Donell & Meaney 2017,
Monk et al. 2019). Past studies have shown sex differences in fetal growth rates and preterm
birth with boys typically showing higher incidence of adverse birth outcomes (Di Renzo et al.
2007), yet there were no significant sex differences in fetal growth rates, gestational age, nor
birthweights in this sample. Further research in Bt20+ should examine the potential sex
differences in fetal growth rates due to prenatal stress.

Our data show that recent stress from the past 6 months was a positive and marginally
significant predictor of psychiatric morbidity at 17-18, while the effect of traumatic life
experiences from the past 12 months was only significant when interacted with prenatal stress.
The significant interaction between prenatal stress and past year traumatic experiences, showing
that the direct relationship between prenatal stress and psychiatric morbidity is stronger in

children with greater household traumatic events, provide supporting evidence for the stress
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sensitization hypothesis (Hammen et al. 2000; McLaughlin et al. 2010; Van den Bergh et al.

2008). While the data show that prenatal stress itself may not have sensitizing effects on later life
psychiatric morbidity, it is only after interacting with elevated levels of past stress that the long-
term sensitizing effects of prenatal stress on later life psychiatric morbidity become apparent.
The stress sensitizing effect of prenatal stress may only significantly interact with past stress
(from the past 12 months) trauma rather than with recent stress (from the past six months)
because of the nature of the experiences queried by each measure. Reported by the mother during
the interview, our composite measure of past stress consisted of eight questions assessing a
collection of objective traumatic events that are more likely to have household-level impacts
specifically on the index child compared to the events assessed in the recent stress variable. Also
reported by the mother, our measure of recent stress may also query household experiences that
may have marginal to no impact on the index child’s psychiatric morbidity. These experiences
include unemployment, divorce, or death of a relative. Nevertheless, our data show interesting
stress sensitization effects due to the interaction between prenatal stress and household stress
exposure from the past year.

Given these data and existing findings on the fetal origins of late adolescent/early adult
psychopathology, there are two possible developmental mechanisms that may facilitate the
lasting impacts of prenatal stress on future psychiatric morbidity. First, increased severity of
prenatal stress may cause durable increases in psychological and physiological stress reactivity
(e.g. HPA axis, the immune system, and brain function) into adulthood, which may make
individuals respond worse to future stressors, and in turn increase one’s risk of developing a
psychopathology (Hammen et al. 2000; Heim et al. 2019; Kendler et al. 2004; McLaughlin et al.

2010). In one study, researchers found that women who experienced greater maternal anxiety
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during pregnancy were more likely to have children with flattened diurnal cortisol slopes, which

predicted depression in female adolescents (Van den Bergh et al. 2008). The growing literature
on the long-term health effects of prenatal stress is consistent with the larger body of scholarship
on the effects of postnatal early life stress, which are known to have similar lasting effects on
neuroendocrine, inflammatory, and molecular mechanisms across development, extending into
adulthood (Gustafsson et al. 2010; Heim & Binder 2012; Taylor et al. 2010).

Second, greater histories of prenatal stress may increase the severity of behavioral and
psychiatric conditions that increase emotional and biological sensitization to future stressors and
adverse events, such as depression, anxiety, and other mood disorders. Additionally, the major
symptoms of depression, such as persistent feelings of victimization, learned hopelessness and
helplessness, and negative appraisal (Folkman & Lazarus 1986; Peterson & Seligman 1983) may
have elevated individual sensitivity to and appraisal of recent stressful events (Medrano & Hatch
2005; Peterson & Seligman 1983) and neuroendocrine sensitization (Stroud et al. 2011) to future
stressors. Thus, greater sensitivity to and appraisal of past stress may have emerged as a function
of the long-term depressive and psychological effects of prenatal stress. Future longitudinal
research is needed to determine the underlying stress physiological mechanisms by which
prenatal stress influences future stress sensitivity and psychopathological morbidity.

Additional stress physiological mechanisms and external social processes may also
explain the late adolescent psychiatric impacts of prenatal stress in our sample. Growing research
report that higher levels maternal prenatal stress corresponds with greater pro-inflammatory
cytokines levels and other inflammatory markers across adulthood (Bilbo & Schwarz 2009;
Entringer et al. 2008; Plant et al. 2016; Slopen et al. 2015). Scientists have also found increasing

evidence that greater maternal prenatal stress and social experience predicts epigenetic changes
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at genetic loci affecting neuroendocrine systems, neurotransmission, and neurogenesis in their

children (Barker et al. 2018; Glover et al. 2018; Ostlund et al. 2016; Provenzi et al. 2020). While
we cannot completely rule out the potential role of certain stress physiological mechanisms in
driving the prenatal stress-late adolescence relationship without directly assessing the system
(e.g. salivary cortisol, cytokines, etc.), multiple stress-sensitive biological pathways likely
contribute to elevations in psychiatric risk at the same time. Finally, prenatal stress may be
indicative of larger and longer-term socioeconomic patterns of mothers and children in Soweto.
Substantial evidence illustrates the durable impacts of poverty and material deprivation during
pregnancy. Chronically low socioeconomic status between gestation and adulthood predicted
flatter diurnal cortisol rhythms in a large sample of Filipino adults (DeSantis et al. 2015).

We also report that perceived social support during pregnancy did not buffer against the
later-life effects of trauma exposure during pregnancy. Prenatal social support did not appear to
have an independent protective effect on adolescent psychiatric morbidity, yet the presence of a
partner during pregnancy did significant predict lower adolescent GHQ scores. The insignificant
effect of prenatal social support on future psychiatric morbidity, either from a direct protective
effect on adolescent mental health or buffering against the psychiatric impacts of prenatal stress,
may be attributed to the limited strength of our social support measure, which primarily assessed
interpersonal support and a single, dichotomous measure of group membership.

Psychologists have emphasized the importance of assessing the degree, frequency, and
timing, and modes of social support, similar to the impacts of stress and trauma, when examining
psychosocial and physiological impacts (Dunkel Schetter 2011; Orr 2004) Past studies report
protective effects of prenatal social support on postnatal outcomes, including better infant birth

outcomes (Feldman et al. 2000; Orr 2004) and lower child adiposity (Katzom et al. 2019).
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Prenatal social support, in the form of a presence of a partner during pregnancy, has also shown

to buffer the adverse effects of prenatal social adversity to predict better cognitive and
psychiatric outcomes in children (Spann et al. 2020). Finally, early evidence suggest that prenatal
social support may buffer against the impacts of maternal stress and contribute to healthier
cortisol regulation (Field et al. 2013; Luecken et al. 2013). Further research is necessary to
identify both the protective and buffering effects of prenatal stress to ameliorate the long-term
disease outcomes of intergenerational stress and trauma.

In many past published studies of the lifecourse impacts of adverse prenatal experience,
the source of maternal social adversity stem from violent and oppressive conditions linked with
political turmoil, war, famine, and numerous forms of social inequality (Yehuda et al. 2016;
Kertes et al. 2016; Roseboom et al. 2006; Kim et al. 2020). Despite the formal end to these forms
of political violence, the developmental and health consequences of trauma exposures among
pregnant women can durably extend across the lifecourse of the future child and may even
impact the subsequent generation (Barbarin & Richter 2013; Kuzawa & Sweet 2009). These
developmental pathways and health consequences of embodied trauma may represent
mechanisms that drive mental health inequalities that disproportionately impact marginalized
populations with high levels of stress and trauma exposure. Inasmuch as scientists aim to reverse
the past impacts of embodied trauma and social oppression, the ongoing legacies of these violent
histories and historical traumas, such as Apartheid, must be recognized and addressed to prevent

future mental health inequities from emerging.
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Limitations

Unfortunately, the timeframe of the queried stress exposure in the prenatal stress
measurement does not specify the exact moment of exposure as the participants were asked to
report stressors that occurred in the past six months. Women completed the antenatal stress
questionnaire during their third trimester, meaning that the reported stressor could have occurred
anytime between the first and third trimester. Future research will benefit from knowing the
exact periods of prenatal stress and cortisol exposure to understand the potential developmental

and physiological effects on the child.

5.5 Conclusion

In this analysis of the intergenerational mental health impacts of prenatal stress in a
large birth cohort in Soweto, South Africa, our data show that pregnant women who reported
greater trauma exposure during Apartheid had children who exhibited greater psychiatric
morbidity during late adolescence and early adulthood, 17-18 years after the timing of their fetal
stress exposure. This relationship, however, was only significant among children born to younger
mothers and children exposed to household adversity in the past year. These findings suggest
that greater prenatal stress may adversely affect adolescent mental health, have stress-sensitizing
effects in children, and represent possible intergenerational effects of trauma experienced under

Apartheid in this sample of South African mothers and children in Soweto-Johannesburg.
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5.6 Tables & Figures

Figure 1. Map of Johannesburg and Soweto
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Figure 2. Interaction effect between prenatal stress and maternal age predicting psychiatric risk.

Prenatal stress x Maternal age

Psychiatric morbidity (GHQ)
40

T I I T I I T I I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Prenatal stress (count)

—@®—— Maternal age = 18 —®—— Maternal age = 23
—®— Maternal age =28 —®—— Maternal age = 33

Note. This figure demonstrates the interaction effect between prenatal stress and maternal age
predicting adolescent psychiatric risk at Year 17. The effect of prenatal stress on late adolescent
psychiatric risk is much stronger among younger mothers (B =-0.17, F[1,287]=7.14,p =
0.008). There were significant main effects for prenatal stress and maternal age.
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Figure 3. Interaction effect between prenatal stress and household stress and trauma in the past
year predicting psychiatric risk.

Prenatal stress x Recent stress

Psychological morbidity (GHQ)
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Prenatal stress (count)

—@®—— Recent stress =0 —@— Recent stress =4
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Note. This figure demonstrates the interaction effect between prenatal stress and recent stress
predicting adolescent psychiatric risk at Year 17. The effect of prenatal stress on late adolescent
psychiatric risk is stronger as the degree of recent stress increases (B = 1.19, F[1, 287]=4.52, p
=0.0343). There were no significant main effects for prenatal stress and recent stress.



5.6 Tables and Figures
Table 1. Demographic characteristics, prenatal conditions, and psychiatric morbidity
Variables 13\10; Mean (SD) % Range
Demographics
Gender (% male) 143 47.04
Population Group (“Race”)
Black 270 88.8
Coloured 31 10.2
Indian 3 1.0
Maternal age (at enrollment) 25.5(6.0) 15-43
Maternal educational attainment (%
attended)
No school or primary school 33 10.9
Secondary school 244 79.7
Professional/teaching/university 27 8.9
Household density (people/room) 3.5(1.7) 0.67—-16
Household assets at 1990 3.9(1.7) 0-7
Household assets at 2006 6.6 (2.4) 1-13
Maternal alcohol use in 1990
Never 285 93.8
Few times a year 11 3.8
Once a month or more 8 2.6
Maternal tobacco use in 1990
Not at all 268 88.2
Occasionally 13 4.3
Daily 23 7.5
Marital status
Married/Partnered 90 29.6
Single/Widowed 214 70.4
Birthweight (g) 3149.2 (443.8) 1150 — 4550
Low birthweight (<2500g) 20 | 2262.3 (292.8) 6.6 1150 — 2485
Gestational age (weeks) 38.3(1.2) 32-43
Preterm birth (<37 weeks) 17 35.5(1.3) 5.6 32-36
Psychological status
Maternal traumatic events in 1990 24(1.9) 0-9
Maternal Social Support in 1990 2.8 (0.9) 0-4
Adolescent General Health 45.2 (12.7) 28 —96
Questionnaire (score) 74 63.3(11.9) 52-96
High psychological risk (>51)
Social Support 2.8(0.9) 0-4
Maternal General Health 475 (13.2) 28-112

Questionnaire in 2007 (score)
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Table 2. Multiple regression models of prenatal stress predicting adolescent psychiatric morbidity with covariates
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Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Prenatal stress (count) 0.5+04  0.6=+04  0.7+0.4% 0.7 £ 0.4% 0.7 £ 0.4% 0.6+04 0.6+04
Gender (male) 59+ -6.0 £ -6.0 £ 59+ 59+ -5.8 £ 1.5%%*
Maternal age (year) -0.1+£0.1 -0.01+0.1 -0.02+0.1 0.03+0.2 0.02+0.2 0.04+0.2
Gravidity (yes/no) 30+1.87 31+ 1.8f -3.3+1.97 3.9+ 1.9% 3.7+ 1.9
Fetal growth® 0.004 + 0.003 + 0.003 = 0.003 = 0.003 =

0.002* 0.002* 0.002f 0.002f 0.002f

Gestational age -0.1+0.6 -0.1+0.6 -0.1+0.6 -0.2+0.6 -0.2+0.6
(week)
Alcohol (frequency) 0.01+0.9 0.04+0.9 0.002+0.9 -0.09+0.9
Tobacco (frequency) 0.7+1.3 0.7+1.3 03+14 0.1£14
Crowding (ratio) -03+04 -04+04 -04+04
Recent Stress (count) 1.4+0.8" 1.5+0.8" 1.5+0.8"
Past Stress (count) 1.0£1.2 1.1£1.2 1.0£1.2
Maternal GHQ (score) -0.02+0.06 -0.03+0.06 -0.04+0.06
Assets (count) -0.3+£0.5 -0.2+£0.5
Maternal education -0.9+0.9 -0.8+0.9
(count)
Social support (count) -0.9+0.9
Intercept 502+ 54.0+22.4* 52.1+22.8% 53.8+£233* 594+242*% 62.9+244*
Model R"2 0.0063 0.0641 0.0858 0.0866 0.0986 0.1037 0.1071

fp <0.1 *p<0.05 **p<0.01 ***p<0.001
2 Birthweight adjusted for gestational age



Model 9

Prenatal stress (count)
Prenatal stress x Maternal age

Prenatal stress x Past Stress

Gender (male)

Maternal age (year)
Gravidity (yes/no)

Fetal growth®

Gestational age (week)
Alcohol (frequency)
Tobacco (frequency)
Crowding® (ratio)
Recent Stress (count)
Past Stress (count)
Maternal GHQ (score)

Assets (count)

Maternal education (count)

Social support (count)

Intercept
Model R"2

0.003 +0.002*

0.1+£0.5

1.2 +£0.6*
-5.7 £ 1.5%%*
0.7+0.2
-3.8+1.97
0.003 + 0.002f
-0.2+0.6
-3.8+1.9
-0.1+£14
-0.3+04
1.5+0.8"
-1.6+1.7
-0.04 + 0.06
-0.1+0.5
-0.7+0.9
-0.9+0.9
61.7 £24.3*
0.1210

fp <0.1 *p<0.05 **p<0.01 ***p<0.001
2 Birthweight adjusted for gestational age
b Number of household inhabitants/rooms used for sleeping
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CHAPTER 6:
Early life exposure to domestic violence and HPA axis function independently predict adult
depression in metropolitan Cebu, Philippines
6.1 Introduction

Depression accounts for a large and growing burden of disease and illness worldwide and
disproportionately impacts individuals living in low- and middle-income countries (Patel 2007;
Vigo et al. 2016). Physical, nutritional, and psychosocial insults are known to increase the risk of
adult depression and other forms of mental and physical illnesses, particularly when individuals
endure these impacts during early development (Barker et al. 1999; Chapman et al. 2004). For
example, previous studies have reported that histories of childhood stress and trauma elevate
one’s risk of developing post-traumatic stress disorder (Brewin et al. 2000), cardiovascular
disease (Dong et al. 2004), and autoimmune diseases (Dube et al. 2009) during adulthood. The
durable effects of early life psychosocial stress exposure predict adult depression beyond the
influence of genetic predispositions, as these patterns have also been reported in twin studies
(Kendler et al., 2000; Nelson et al., 2002). Elucidating the possible underlying biological
mechanisms can allow for the identification of causal pathways that sustain the lasting impacts of
early life experiences on adult depression and can illuminate potential opportunities to ameliorate
the long-term poor health outcomes shaped by these adverse experiences.

The hypothalamic-pituitary-adrenal (HPA) axis, a primary physiological system involved
in the mammalian stress response, has been implicated as an important biological mechanism
linking psychosocial and environmental exposures during early development to later mental
health (Heim et al. 2012; Miller et al. 2011; Taylor et al. 2011). Early life stress exposure and

adverse social conditions have consistently been reported as strong predictors of HPA axis
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dysregulation as indexed by abnormal diurnal cortisol rhythms and stress reactivity (Gustafsson

et al. 2010; Heim & Binder 2012; Taylor et al. 2011), although the direction of these
relationships has varied. For example, individuals who experienced early life stress have
exhibited both higher (Luecken & Appelhans 2006; Schalinksi et al. 2015; van der Vegt et al.
2009) and lower levels of baseline cortisol (DeSantis et al. 2015; Trickett et al. 2010; van der
Vegt et al. 2009) during adulthood. Early life stress also predicted altered cortisol awakening
response (Butler et al. 2017; Engert et al. 2011; Fogelman & Canli 2018; Gonzalez et al. 2009)
and evening cortisol levels (Engert et al. 2011; Gustafsson et al. 2010) in adulthood in varying
directions. Additionally, adults with a history of child abuse and neglect have been reported to
exhibit signs of HPA axis dysregulation as evidenced by greater (Heim et al. 2000; Luecken &
Appelhans 2006; Pesonen et al. 2010; Vaccarino et al. 2015) and blunted levels (Carnuta et al.
2015; Carpenter et al. 2007; Carpenter et al. 2011; Elzinga et al. 2008; Janusek et al. 2017,
Lovallo et al. 2012) of stress reactivity in response to acute psychosocial stressors. Finally, early
life stress-induced HPA axis dysregulation has also been seen in non-human primate studies.
Unpredictable separations from the mother, unpredictable maternal feedings, or spontaneous
maternal abusive behavior among captive rhesus macaque infants were found to predict altered
diurnal cortisol rhythms characterized by lower morning levels, higher daytime levels, and flatter
cortisol slopes across the day (Coplan et al. 1996; Sanchez et al. 2005; Sanchez 2006). This
pattern of diurnal rhythm disruption persisted for months to even years after the initial period of
adversity.

Dysregulation of circadian HPA axis rhythms has consistently been characterized as a
neuroendocrinological phenotype of depression in animal and human studies (Adam et al. 2010;

Arborelius et al. 1999; Heim & Binder 2012; Plotsky et al. 1998). Prior research has reported
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that depressed patients and individuals at high risk of depression tend to exhibit altered evening

cortisol concentrations and cortisol awakening responses (CAR). For instance, elevated levels of
evening cortisol have been reported to be characteristic of major depressive disorder (MDD) in
both adolescents (Angold 2003; Dahl et al. 1991; Goodyer et al. 1996) and adults (Gold et al.
1988; Plotsky et al. 1998; Young et al. 1994). Similarly, higher CAR levels have been associated
with a heightened risk of developing MDD. Cross-sectional studies have previously reported
positive associations between CAR levels and depressive symptoms (Dahl et al. 1991; Pruessner
et al. 2003). Although not all depressed patients display HPA axis dysregulation (Heim et al.
2008), these alterations in diurnal cortisol rhythms are understood to influence depression in part
as a result of inflammation caused by glucocorticoid receptor insensitivity (Miller et al. 2009)
and impairment of glucocorticoid-mediated negative feedback processes of the HPA axis
(Pariante & Lightman 2008). Thus, prior research has emphasized that changes in the HPA axis
are not only affected by the embodiment of early life social experiences but may also predict
individual risk for depression later in life.

These studies, however, have mostly been reported among Western and industrialized
populations, where cultural, economic, and psychosocial environments vary in comparison to
low- and middle-income contexts, such as that of these research findings. Testing this pathway in
diverse populations is necessary to assess the generalizability of the effects of early life social
experience on downstream health outcomes and to identify the factors that may drive
psychopathology. Additionally, the longitudinal design of this study allows us to explore the
durability of the effects of early life conditions on HPA axis function, as only a small handful of

studies have tracked the impacts of early life stress prospectively. Numerous scholars have made
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the call for further longitudinal studies on HPA axis function for these reasons (Tarullo &

Gunnar 2006; Heim et al. 2008; Koss & Gunnar 2017).

Our aim here is to evaluate the role of early life stress as a predictor of adult depression,
including the possible mediating role of the HPA axis as an underlying pathway in a non-clinical,
naturalistic setting. Data come from the Cebu Longitudinal Health and Nutrition Survey
(CLHNS), a longitudinal population-based birth cohort study located in metropolitan Cebu,
Philippines (Adair et al. 2011). Previous research in this sample has reported dramatically higher
rates of depression among individuals who witnessed domestic violence growing up (Hindin et
al. 2006) and that socioeconomic status across the lifecycle predicts altered adult diurnal cortisol
rhythms (DeSantis et al. 2015). We build on this work to test the hypothesis that early life
stressors will predict depression during early adulthood. Additionally, we hypothesize that
altered HPA axis function, as reflected by variable bedtime cortisol and cortisol awakening

response levels, mediate the depressive effects of early life stress.

6.2 Methods
Study population and data collection

Data come from the Cebu Longitudinal Health and Nutrition Survey (CLHNS), an
ongoing, population-based birth cohort study of mothers and their infants born in 1983-1984 in
Cebu, Philippines (Adair et al., 2010). A single stage, random clustering sampling procedure
selected 17 urban and 16 rural communities (barangays) among the 243 barangays in the
metropolitan Cebu area, resulting in the recruitment of 3327 pregnant women. Initial and follow-
up surveys were conducted through question-based, in-home interviews. Data for this paper

come from survey rounds conducted in 1991-1992, 1994-1995, 1998, 2002, and 2005. All
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interviews were completed in Cebuano. Excluding participants with highly atypical sleep

patterns (Mastorakos & Ilias 2000), complete socio-demographic, psychosocial, mental health,
and cortisol data were available for 1244 participants. Comparisons of our analytic sample with
the larger cohort sample from the 2005 collection not included in this analysis show non-
significant differences in household income at birth 2005, the frequency of sibling death, and
depression severity (all p > 0.3). Conversely, education levels at 2005 (p = 0.0067) and assets at
2005 (p = 0.0398) were higher in the analytical sample, while maternal absence (p = 0.00001)
and paternal absence (p = 0.00001) occurred more frequently in the excluded sample. The
analytical sample tended to witness parental violence at a greater proportion (p = 0.075). Thus,
while the analytic sample is still sizable, this analysis cannot be generalized to the larger CLHNS
cohort. This research was conducted under conditions of written informed consent with human
subjects clearance from the Institutional Review Boards of the University of North Carolina,

Chapel Hill, and Northwestern University.

Measures of early life stress, parental support, and depression

Early life stress variables included measures of maternal absence, paternal instability,
sibling death, and witnessing domestic violence during childhood (Gettler et al 2015; Hindin &
Gultiano 2006). Participants were classified as having experienced maternal absence if they lived
in a separate household than their mother at 8.5 years old in 1991 or 11.5 years old in 1994.
Individuals who were classified as having experienced “paternal instability” were those whose
father were deceased or absent, whose mother was unmarried during their first year of life or
beyond, or whose mother remarried during their childhood-juvenile period from birth up to age

11.5 (£0.4) years, which was in 1994. Sibling death was assessed based upon maternal reports of
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her children's births and deaths from 1983 until 1994 when participants were 11.5 years old, also

in 1994. Finally, participants during the 2002 data collection wave (17-19 years of age) were
asked “Do you remember if either of your parents/caretakers ever hit, slapped, kicked, or used
other means like pushing or shoving to try to hurt the other physically when you were growing
up?” All four early life stress variables were operationalized as dichotomous categorical
variables and also analyzed as a composite variable. These variables were among the small
handful of data points on early life stress that were collected during the study, which was initially
designed to study the long-term health impacts of infant feeding.

In addition to evaluating the effects of social adversity on depression later in life, we
evaluated the potential buffering effect of positive social experiences as reflected in a measure of
parental support. Prior research has reported better mental health outcomes during adulthood
when children experienced various forms of parental care-taking (Duan et al. 2016; Hostinar et
al. 2014). Social support measures were similarly limited and consisted of two variables that
measured parental support, specifically questions that asked whether the participant felt close to
one’s mother and father during childhood during the 2002 data collection when children were
17-19 years old (Hock et al. 2016). Domestic violence questions were administered in 2002 as
well. Whether an individual witnessed domestic violence and felt close to one’s parents were
retrospective reports of the individual’s experience growing up, while measures of maternal
absence, paternal absence, and sibling death were assessed at the time of data collection.

Depression was measured using an adapted version of the Center for Epidemiologic
Studies Depression Scale (CES-D), which is a commonly utilized mental health battery used to
screen for depression and assess depressive symptomatology (Radloff 1977). The CES-D was

administered during the 2005 data collection wave for the CLHNS when participants were 21-22
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years old. This depression screener queries both negative (e.g. difficulty eating and sleeping,

feeling lonely, suicidal thoughts, etc.) and positive experiences (e.g. feeling happy, hopeful about
the future, enjoyed daily activities, etc.). Ratings on a three-point scale ranged from ‘none of the
time’ (1), ‘occasionally’ (2), to ‘most or all of the time’ (3). Scores were summed across all 16
questions, following reverse scoring of positive items, to generate an index of depressive

symptoms. Cronbach’s a was 0.7338, suggesting a high degree of scale reliability.

Cortisol collection, preparation, and measurement

During the 2005 survey, each participant was provided with instructions and three
polypropylene tubes for saliva collection. Three samples were collected: before bed, immediately
upon waking, and 30 minutes after waking. Each tube was pre-labeled to avoid confusion and
contamination. Participants were also instructed not to brush their teeth or smoke 30 minutes
before providing any samples and were given article diaries in which they were instructed to
record the date and exact time the samples were provided.

Saliva tubes were collected later the second day by an interviewer, who placed the tubes
on ice packs in a cooler while in transit to freezer storage at -35C. Samples were shipped on dry
ice to Northwestern University, where they were stored at -80C. They were later thawed,
centrifuged, supernatant separated, and aliquoted into smaller tubes for analysis of individual
analytes. Cortisol was assayed in duplicate by a laboratory in Trier, Germany, using a time-
resolved immunoassay with fluorometric detection (DELFIA). The intra- and inter-assay
coefficients of variation (CVs) were between 4.0% and 6.7%, and 7.1% to 9.0%, respectively.

Samples with CVs over 12% were rerun. The cortisol awakening response was calculated by
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subtracting the AM cortisol values from the levels 30 minutes later. All cortisol values were

logarithmically transformed to correct strong positive skews.

Covariates

All analyses were adjusted for sex, household income at the 2005 data collection, a
household assets scale, and time of saliva collection (Kudielka & Kirschbaum 2003). To control
for the effects of recent stress, self-reported psychosocial stress experienced within the last
month was quantified via a modified version of the 10-item perceived stress-scale (PSS) (Cohen
et al. 1994). To ensure cultural appropriateness, all stress related questions were pilot tested and
refined in focus groups. Participants were asked to rate on a five-point scale (0 = never, 4 = very
often) how often they experienced a particular form of stress. The PSS was administered in
Cebuano, after being translated from English and back-translated to confirm accuracy. As a
result of preliminary research with the PSS in Cebu, prior to implementation in the 2005 survey,
two questions (item 9, “how often have you been angered”; item 10, “how often have you felt
difficulties were piling up”) were replaced with two new questions: “In the last 4 weeks, how
often have you dealt successfully with irritating life hassles?” and “In the last 4 weeks, how often
have you felt that you were effectively coping with important changes that were occurring in
your life?” Scores were summed across all 10 questions, following reverse scoring of six
positively stated items.
Data analyses

All analyses were conducted using version 13.1 of Stata (Stata Corporation, College
Station, TX). Depression scores, PSS, waking cortisol (nmol/L), bedtime cortisol (nmol/L), and

household income were all analyzed as continuous variables. The data analysis plan consisted of
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four stages. First, bivariate associations between early life stress and depression scores were

calculated. Second, we considered sex and household income and the number of household
assets as predictors. Third, we added measures of feeling close to one’s mother and father to
evaluate the hypothesized protective role of social support. Our final model assessed the role of
the HPA axis by including measures of PM cortisol and the cortisol awakening response, both of
which were adjusted for time of saliva collection. a < 0.05 was used as the criterion for statistical

significance.

6.3 Results

Nearly half of all participants reported witnessing domestic violence in their household
while growing up (Table 1). A smaller proportion of respondents had a sibling die during
childhood, experienced maternal absence, or faced paternal instability. In contrast, a substantial
majority of participants felt close with their mother or father. The average CES-D score in the
analytic sample was 23.4/48.

Our first model assessed the relationship between our early life stress measures and adult
depression (Table 2). Of the four measures of early life stress, witnessing parental violence and
experiencing a sibling death during childhood significantly predicted depression at age 21-22 and
increased an individual’s depression score by an average of 0.86 and 0.63 points, respectively, in
fully adjusted models (p <0.0001) (Figure 1). No other early life stress measures significantly
predicted depression. Additionally, we find that males are at lower risk of experiencing
depressive symptoms compared to women.

We then controlled for possible effects attributed to socio-economic status and

educational status by adding measures of household income, the number of household assets
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during 2005, and educational attainment. After controlling for income, assets, and education

level, the relationship between witnessing parental violence and depression is weakened but
remains significant, while the effect of a sibling’s death during childhood was no longer
statistically significant after adjustment. Females were more likely to be depressed. Number of
household assets was negatively associated with depression scores while the relationship
between household income and depression approached significance.

Next, we included measures of parental support. The relationship between witnessing
parental violence and depression becomes marginally attenuated after controlling for parental
support variables. The relationship between feeling close to one’s mother and adult depression
was not significant but the association between feeling close to one’s father and depression was
significant (p = 0.039). On average, feeling close to one’s father corresponded with lower
depression scores (Figure 2).

Our last model assessed whether early life stressors predicted alterations in HPA
circadian dynamics, and if so, whether these might mediate relationships between early
experiences and adult depression. Specifically, we tested the relationship between adult
depression and bedtime cortisol concentrations and the cortisol awakening response. Bedtime
cortisol levels at age 22 predicted higher levels of depression (p = 0.002) (Figure 3). The effect
of the cortisol awakening response did not reach significance. Notably, including the cortisol
variables modestly strengthened the relationship between witnessing parental violence and
depression as indicated by the increase in the coefficient of the witnessing parental violence
variable from Model 3 (0.76) to Model 4 (0.80). Additionally, those who witnessed domestic

violence during childhood exhibited significantly lower levels of bedtime cortisol (Figure 4).
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Finally, to explore the cumulative impact of stress during child development, we created

a composite variable of early life stress by combining all four stress variables and reassessed the
same models as discussed above (Table 3). The early life stress composite measure remained
significantly associated with adult depression after controlling for socioeconomic status, parental
support, and cortisol variables. Additionally, the same covariates (e.g. sex, educational
attainment, feeling close to one’s father, and bedtime cortisol levels) significantly related to
depression as those analyzed in the models that explored the independent effects of each early

life stress variable on depression (Table 2).

6.4 Discussion

Our findings suggest that witnessing domestic violence during childhood predicts the
severity of depressive symptoms and alterations in HPA axis function during adulthood in Cebu
City, Philippines. However, contrary to previous findings in the literature, these relationships
appeared to be independent as indicated by the strengthened relationship between witnessing
domestic violence and adult depression after controlling for HPA axis measures (Table 2).
In addition, we found modest evidence for a protective role of paternal social support against
adult depression among individuals who witnessed domestic violence during childhood.
Considering these findings together, we conclude that witnessing domestic violence and diurnal
cortisol rhythms independently predict adult depression during early adulthood, specifically
during ages 21-22. Furthermore, we report that diurnal cortisol activity does not affect adult
depression as a result of witnessing domestic violence during child development.

Our findings linking early life stress and diurnal cortisol rhythms with depression are in

general agreement with past work investigating similar questions. We confirm the overall
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positive association previously reported between early life stress and adult depression (Heim &

Binder 2012; Taylor et al. 2011) as seen by the direct relationship between witnessing domestic
violence and adult depression (Figure 1). None of our additional measures of early life stress,
however, significantly predicted depressive symptomatology. While these risk factors were non-
significant in our analyses, the deleterious effects of parental and sibling absence on mental
health have been widely documented in the literature. Individuals who experienced parental loss,
defined as either a prolonged absence or death of a parental figure, during childhood were more
likely to report future onset of symptoms of adult psychopathologies including depression and
generalized anxiety disorder (Kendler et al. 1992; Tyrka et al. 2008) and exhibit signs of HPA
axis dysregulation (Breier 1989; Luecken 1998; Luecken 2000; Meinlschmidt & Heim 2005;
Nicolson 2004; Tyrka et al. 2008). Similarly, experiencing the loss of a sibling during
adolescence was significantly associated with symptoms of anxiety and depression during mid-
adulthood among individuals who lost a sibling to cystic fibrosis (Fanos & Nickerson 1991),
though the literature on the long-term impacts of sibling loss is sparse. Further research may
uncover potential sources of buffering against the long-term mental health impacts of parental
and sibling loss and explain the wider lack of association between early familial loss and adult
depression in metropolitan Cebu.

Our results also report that adult bedtime cortisol levels, but not concentrations of the
cortisol awakening response, are directly associated with adult depression (Figure 3). The
positive association between bedtime cortisol concentrations and adult depression is consistent
with previous studies (Gold et al. 1988; Plotsky et al. 1998; Young et al. 1994). Prior research
has also reported altered cortisol awakening responses among depressed individuals. These

findings tend to report elevated cortisol awakening responses during depression (Bhagwagar et
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al., 2003; Pruessner et al., 2003), although negative associations have also been reported (Stetler

& Miller 2005; Ellenbogen et al. 2006; van der Vegt et al. 2009). Variations in the
neuroendocrine profiles of depressed patients across studies may relate to the severity of
depression considered in each study, which ranges from heightened depressed mood within the
normal range of symptomatology to major depressive disorder (Chida & Steptoe 2008).

We also find that individuals who witnessed domestic violence during adolescence
tended to have lower bedtime cortisol levels at age 21-22, while there were no differences in the
cortisol awakening response. Although many studies have reported a lack of significant
associations between early life stress and adult evening cortisol concentrations (Gerritsen et al.
2010; Gonzalez et al. 2009; Miller et al. 2009; van der Vegt et al. 2009), other studies have
reported significant, if inconsistent, links between early adversity and evening cortisol levels.
Engert et al. (2011) and Nicolson (2004) found that individuals who received low early life
parental care and experienced a loss of a parent either by death or separation exhibited higher
bedtime cortisol levels, while Gustafsson et al. (2010) reported decreased evening levels among
women who lived in low socioeconomic status households as adolescents. Additionally, studies
on the early life impacts on the cortisol awakening response tend to report positive relationships.
For example, individuals exposed to an array of stressful life experiences during child
development such as parental loss and child maltreatment (Gonzalez et al. 2009) and neglect and
abuse (van der Vegt et al. 2009), and adverse social conditions such as low socioeconomic status
(Gustafsson et al. 2010) generally exhibited heightened cortisol awakening responses compared
to their respective comparison groups. Nonetheless, several studies have reported opposing or
non-significant findings (Miller et al. 2009). Similar to our prior consideration with depression,

differences in the early life stress-HPA axis relationship seen across these studies may be
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explained by the particular qualities of early life stress in question, such as the frequency,

severity, and social meaning of the psychosocial stressor or environmental condition (Fogelman
& Canli 2018; Lyons & Parker 2007; Miller et al. 2007).

Previous findings from CLHNS reported the predictive effects of witnessing domestic
violence during child development on adult depression (Hindin & Gultiano 2006). This study
confirms the positive relationship between witnessing domestic violence and adult depression
and expands the scope of stressful experiences that occurred between birth and late adolescence
to include three additional measures of psychosocial stress, which include the absence of one’s
father, the absence of one’s mother, and the death of a sibling. This study further emphasizes the
role that early life experiences have on shaping the HPA axis in this sample. DeSantis et al.
(2015) reported that chronically low socio-economic status from infancy to early adulthood
predicted diurnal HPA axis rhythms in adulthood. The direction of the relationships between
both measures of early life adversity and depression, however, were opposing. Cumulative
economic strain from prenatal development to early adulthood was associated with higher
bedtime cortisol levels, lower CARs, and other characteristics of HPA axis dysregulation (i.e.
lower total cortisol output, flatter cortisol slopes) while our findings show that witnessing
domestic violence predicted lower bedtime cortisol levels. As previously mentioned, the nature
of the stressor in question may explain the varying relationships between early life stress and
HPA axis function seen across studies, though the lack of specificity in our survey question on
witnessing domestic violence prelude us from ascertaining the particular qualities of the stressor
that may explain our discrepant finding.

Considering the inverse relationship between witnessing domestic violence and adult

evening cortisol levels, the finding that bedtime cortisol levels do not mediate the relationship
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between early life stress and depression is expected, statistically, but conceptually perplexing.

The strengthened relationship between witnessing domestic violence and adult depression after
including the bedtime cortisol variable suggests that witnessing domestic violence predicts
depression despite the fact that such individuals tend to exhibit cortisol levels of non-depressed
individuals. These findings call for future research to identify alternative biological mechanisms
that facilitates the durable effects of early life experiences on later life health. Other biological
pathways that have previously been implicated in the early life stress-adult depression pathway
include epigenetic (e.g. DNA methylation, histone modification), inflammatory (immune
activation, gut-brain axis), and neurobiological mechanisms (e.g. neurotransmission,

neuroanatomic changes).

Limitations

The first limitation of this study is our crude measure of early life stress and social
support. Our variables were limited to family-level experiences and conditions that were reduced
to only four dummy variables. There are likely a wide variety of stressors across multiple
domains and levels of life that may have similar long-term effects on mental health and, in
general, affect the body. Different dimensions of psychosocial stress, such as a more diverse set
of experiences and conditions (various forms of social oppression, disease and illness experience,
teratogens, etc.), chronicity, severity, and sociocultural meaning, could have distinct and varied
sequelae on HPA axis function (e.g. diurnal cortisol rhythm, stress reactivity) and later life
health.
The cultural relevance and psychometric validity of the depression screener used in this study

(i.e. CES-D) may be another source of bias. While the Cronbach’s alpha meets the threshold for
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scale validity, the comprehensibility and relevance of the sub-constructs included in the CES-D

may be compromised because of their lack of cultural relevance and salience. The same concern
applies to other survey tools used in this study, such as the Perceived Stress Scale (PSS).

Third, our process of sampling and measuring salivary cortisol was not ideal. Cortisol
data came from only one diurnal cycle of HPA axis function. Because momentary- and day-
level changes in emotions and social experiences shape cortisol levels (Adam 2006), it is
preferred to collect samples for diurnal cortisol across multiple days (Adam & Kumari 2009).
Additionally, in order to maximize sample efficiency in this large, longitudinal sample for which
home-based sample refrigeration was not available, the diurnal rhythm was first assessed at
bedtime and followed into the next day. Only a single sample was used to quantify cortisol
concentrations at each point in the diurnal rhythm. Finally, we did not assess mood states at the

times of saliva sampling or electronically monitor compliance with sampling protocols.

6.5 Conclusion

In summary, witnessing domestic violence during child development predicted lower
levels of evening cortisol and greater severity of depressive symptoms at early adulthood in this
large, naturalistic, non-Western, and longitudinal sample of individuals in metropolitan Cebu,
Philippines. Adult evening cortisol levels did not mediate the relationship between witnessing
domestic violence, a measure of early life stress, and adult depression. These findings suggest
that the long-term depressive effects of certain forms of early life stress extend to this large
sample in the Philippines, and that early life stress and HPA axis function may shape adult
depression through independent pathways within the body. Alternative biological and cultural

pathways by which the effects of witnessing domestic violence during child development affects
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adult depression should be explored to identify the underlying mechanisms that perpetuate the

lasting effects of one’s early life experiences.



6.6 Tables & Figures

Table 1. Characteristics of participants, psychosocial environment, households
Variables n=1244 Range
Demographics
Sex (% female) 47.9
Age (years) 21.5(0.3) 20.8-22.4
Early life SES -0.01 (2.7) -5.5-133
Household income 2005 (pesos) 599.8 (891.7) -6.19-16883.6
Household assets 2005 (count) 5.3(2.0) 0-11
Educational attainment 2005 11.1 0-23
(year)
Adult SES 2005 0.02 (0.7) -1.8-54
Early life stress
Maternal absence (n, %) 15,1.2
Paternal absence (n, %) 33,2.7
Sibling death (n, %) 195, 15.7
Witnessed domestic violence 584,47.0
(n, %)
Not close with mother (n, %) 173, 13.9
Not close with father (n, %) 326,26.2
Diurnal cortisol rhythm
measurements
Evening cortisol (nmol/L) 2.17 (2.48) 0.058 - 22.68
Waking cortisol (nmol/L) 7.50 (4.32) 0.21 -61.01
Waking cortisol + 30 mins 9.49 (5.08) 0.27-65.9
(nmol/L)
Cortisol awakening response 1.95(4.68) -17.86—-25.98
(nmol/L)
Depression and PSS scores
Depression (CES-D) 9.34 (4.71) 0-29
Perceived Stress Scale (PSS) 19.71 (3.29) 11-34
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Figure 1. Effect size of early life stress groups on depression scores (p < 0.0001).
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Figure 2. Mean values of depression scores stratified by past history of witnessing domestic
violence (p < 0.0001).
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Figure 3. Partial regression plot of CES-D residual values on natural logged and standardized
residuals of bedtime cortisol (nmol/L). Residuals derived from separate regressions adjusting for
times of saliva collections and smoking status (p = 0.004).
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Figure 4. Average natural logged and standardized bedtime cortisol levels by witnessing
domestic violence (p = 0.018).
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CHAPTER 7: Discussion

7.1 Summary of research findings

This dissertation aimed to evaluate the long-term developmental effects of early life
stress exposure - during both prenatal and postnatal development - on later life health and
psychiatric disease risk across the lifecourse in South Africa and the Philippines. Building off of
the growing theoretical and empirical literature on the developmental origins of health and
disease, the psychoneuroendocrinology of stress, and global mental health, these three studies
show that early stress and trauma exposure are important contributors to later life risk for mental
illness, specifically adult depression. And while the COVID-19 pandemic interrupted my ability
to assess the hypothesis I initially set out to test - whether the long-term effects of prenatal stress
affected neuroendocrine function and mental illness risk in second and third generation
descendants - my dissertation findings offer preliminary evidence that the lifecourse effects of
early stress exposure in second generation individuals may operate through a variety of
biological, socioeconomic, and developmental pathways. Here I offer a critical discussion of my
findings, its contributions to the larger literature on the developmental origins of adult mental
health, and its implications for public mental health in LMICs.
Chapter 4 presented evidence that greater experiences of maternal prenatal stress predicted lower
offspring birthweight in the S1000 study. While the relationship only approached marginal
significance (p = 0.077), the vast literature documenting the birthweight-lowering effect of
prenatal stress exposure, and the recognized shortcomings in our measurement of maternal stress,
suggest that these finding are likely biologically significant rather than due to chance.

Additionally, I found that delays in fetal growth, rather than shorter gestational duration,
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contributed to the inverse relationship between prenatal stress and neonatal birthweight.

Considerable evidence on the maternal-placental-fetal system and fetal development suggests
that maternal glucocorticoid function during pregnancy is a major pathway underlying the stress-
linked alterations in fetal growth rates and gestational age and is a strong area of ongoing
research. These findings contribute to the limited data on the psychosocial factors affecting fetal
development and birth outcomes in South Africa and LMICs broadly, where the burden of low
birthweight is the greatest.

Chapter 5 described the long-term impacts of prenatal stress exposure on late adolescent
psychiatric morbidity at age 17-18 in the Birth to Twenty study. While I report a non-significant
relationship between prenatal stress and adolescent psychiatric morbidity, the long-term
psychiatric effects of prenatal stress were most apparent after including an interaction between
prenatal stress and recent household stress, a key example of the stress sensitization hypothesis
and the developmental origins of later life mental health. I also illustrate that children born to
younger and primiparous mothers exhibited direct associations between greater prenatal stress
exposure and GHQ scores. Additionally, maternal experiences of social support during
pregnancy did not protect against the long-term mental health impacts of prenatal stress in this
sample. These results contribute to the nascent literature on the long-term impacts of prenatal
stress in late adolescents, particularly in LMICs, and the developmental pathways of stress
sensitivity and poor mental health.

Finally, Chapter 6, a comparative study of early life stress in Cebu, Philippines, found that
greater levels of early life familial stress strongly predicted greater adult depression at ages 21-22
in a dose-response fashion. Additionally, flatter adult diurnal cortisol rhythms were cross-

sectionally associated with worse depressive symptoms, yet early life stress did not predict adult
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cortisol function. Furthermore, when disaggregating the diurnal slope measure, adults with

elevated bedtime cortisol concentrations exhibited more severe depressive symptoms. In sum,
these results are consistent with the developmental origins of adult depression framework and do
not suggest that HPA axis function influences the long-term effects of early life family stress on
adult depressive symptoms in this sample of Filipino adults.

Together these three studies highlight the important role of early life stress exposure—both
prenatal and postnatal—in exacerbating future physical and mental illness risks across the
lifecourse. Greater maternal exposure to interpersonal, familial, social, and economic trauma
during pregnancy in Soweto, South Africa and family-based childhood social adversity in Cebu,
Philippines both served as risk factors for poor health outcomes later in development. On the
other hand, across the three studies, the roles of socioeconomic status in influencing the different
stress-health relationships varied and there was conflicting evidence to support the specific
sensitive periods that may disproportionately shape future biological function, developmental
status, and health risks later in life. Notably, all three studies derive from prospectively designed
birth cohort studies in low- and middle-income contexts where the prevalence of LBW and
mental illness are greatest and access to healthcare resources and public mental health policies
are limited. In the following sections, I will describe and connect the contributions of my
dissertation findings to the broader literature on the developmental origins of stress physiology
and mental illness, reflect on the remaining research gaps in this field, and discuss future plans

for research based on the findings from this dissertation.

7.2 Contributions to DOHaD, stress physiology, and biological anthropology

Developmental plasticity of early stress exposure
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The lasting developmental effects of both early stress exposure on biological function,

human phenotype, and disease risk reported in this dissertation extend the growing literature on
stress and human developmental plasticity in biological anthropology and the developmental
sciences (Kuzawa 2020; Mulligan 2016). Biological anthropologists and human biologists have
long been interested in developmental plasticity as a means of adjusting to environmental
variation (Boas 1912; Frisancho 1993; Lasker 1969). The emergence of sophisticated stress-
sensitive ontogenetic structures throughout evolution - like the HPA axis and many others - has
allowed organisms to alter their developmental processes over the lifecourse and in some
contexts, adapt to ecological settings (West-Eberhard 2003). Contrary to clinical perspectives of
the effects of stress on health, stress exposure is an essential and requisite socio-environmental
input for basic growth and development across taxa. Researchers have become increasingly
interested in exploring these intergenerational mechanisms of stress between the parent and
offspring and, notably, have found a wide range of variation in postnatal offspring phenotype,
such as those reported in this dissertation.

The results of this dissertation collectively examined whether early developmental stress
can indeed shape one’s future phenotype across their lifecourse, including birthweight (Chapter
4), adolescent psychiatric risk (Chapter 5), and adult cortisol and depression (Chapter 6).
Significant evolutionary influences may play a role in explaining the unknown underlying
mechanisms of the intergenerational effects of stress on phenotype, health, and biology. While I
cannot determine the adaptive potential of the long-term effects of prenatal and early life stress,
identifying the numerous biological and developmental processes that underlie stress-based
developmental plasticity will allow anthropologists and other scientists to uncover how

environmental conditions may have shaped human biology and development throughout human
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evolution. My dissertation suggests that the developmental effects of stress could contribute to

altered physical and mental health outcomes across the lifecourse.

Chapter 6 also confirms the developmental effects of stress on later-life mental health
outcomes, specifically depression, in a non-Western middle-income context in the Philippines.
Additionally, this chapter conflicted with the broader trend in the literature on the developmental
neuroendocrine effects of early life stress and found that greater family-based stress during
childhood did not affect adult HPA axis function at 21-22 years. My findings emphasize the
importance of the postnatal childhood period as an important developmental timeframe for
influencing adult mental health, specifically adult depressive symptoms. The durable nature of
these phenotypic effects traces to the developing body’s heightened sensitivity to environmental
exposures during “critical” or “sensitive” periods, which typically take place during early
windows of development (Zeanah et al. 2014). However, contrary to expectations, these
findingsprovided no evidence for a potential developmental effect of stress on HPA axis
function.

The null finding between early life stress and adult HPA axis function may suggest that
the developmental plasticity of the HPA axis is not influenced by early family stressors in this
sample. Limitations in the data, however, weaken the ability to determine the long-term
neuroendocrine impacts of early life stress. First, the CLHNS data included limited measures of
environmental adversity, which also prevented me from assessing a wider variety of early life
adversity outside of family-related stress. Second, while the cortisol data only consisted of one
diurnal cycle, the long-term impacts of early life stress on HPA axis function could also operate
through alterations in cortisol regulation or reactivity and not detected through our limited

measures of circadian rhythm. Finally, there were limited social experience data available in
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adulthood, which precluded inclusion of other potential confounders such as recent stress. While

we do not know whether the phenotypic changes caused by stress-linked developmental
plasticity are adaptive (Bogin 2007; Ellison et al. 2007; McKerracher et al. 2020), researchers
have widely suggested that the mechanisms of developmental plasticity can impact human health
and biology and potentially lead to pathology (Wadhwa et al. 2009). This may be the case for the
relationship between early life stress and adult depression found in the CLHNS cohort. Further
research is necessary to elucidate the extent to which these durable effects of postnatal stress
cause non-adaptive changes in human phenotype or can alter fitness outcomes.

Chapters 4 and 5 expand the limited literature on the long-term effects of maternal
gestational stress on birth and late adolescent outcomes and suggest that fetal exposures may
impact developmental plasticity in the next generation. Chapter 4 shows the inverse relationship
between prenatal stress and birthweight corroborates the broader literature, which reports that
greater first trimester prenatal stress consistently predicts lower birthweights (Coussons-Read et
al. 2012; Dancause et al. 2011; Ryu 2019; Vrijkotte et al. 2009; Zhu et al. 2010). For instance,
one large study of Chinese mothers and infants found that self-reported stressful life events
experienced during the first trimester predicted lower birthweights, while stress during the
second or third trimester was not associated with birth outcomes (Zhu et al. 2010). Additionally,
Chapter 5 highlights that the residues of prenatal stress may extend into late adolescence and
early adulthood.

The timing-specific effects of maternal psychosocial stress are understood to be
influenced by the degree of fetal cortisol exposure, which is largely driven by the maternal-fetal-
placental unit. As discussed, maternal stress exposure during earlier windows of gestation may

lead to decreases in birthweight due to changes in fetal cortisol exposure as a result of increased
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trans-placental exposure to maternal circulating cortisol, possibly due to a downregulation of

cortisol-shielding enzymatic mechanisms, and reduced stress reactivity across pregnancy. These
processes are understood to contribute greater fetal cortisol exposure during earlier stages of
gestation, which in turn may influence fetal growth restriction and earlier parturition (D’ Anna-
Hernandez et al. 2012; Glynn et al. 2001). Despite growing evidence that supports this
hypothesis of stress timing, cortisol exposure, and low birthweight status, fewer studies report
null findings (Jacobsen et al. 1997; Peacock et al. 1995; Sheehan 1998). While the S1000
analysis did not assess the effects of stress at other timepoints, my results do suggest that greater
maternal stress during the first trimester corresponds with lower birthweights. Additionally,
preliminary results from the Birth to Twenty analysis in Chapter 5 show a significant, inverse
association between prenatal stress (retrospectively reported during the third trimester from the
past 6 months) and birthweight, but a forthcoming analysis with data from the entire cohort will
fully assess this effect. Further studies that include multiple measures of gestational stress
throughout pregnancy and fetal growth data are necessary to investigate the timing effects of
stress on birthweight and untangle the proximate mechanisms that contribute to low birthweight.
Evolutionary-developmental perspectives may help explain the reasons behind the close
relationship between prenatal stress and birthweight. The parent-offspring conflict hypothesis
suggests that mothers and fetuses will have discordant views about the optimal trade-off between
the quantity and quality of her current and future children - specifically, the maternal resources
she will allocate between her current fetus and her future children (Trivers 1972, 1974). Because
the mother is equally invested in each of her children, it is in the mother’s genetic interest to the
most optimal balance between the benefit to the existing fetus and the cost to its existing or

future siblings. In contrast, the fetus, who only shares half their genes with their mother and a
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quarter of genes with their past and future siblings, prioritizes the provision of maternal

investment and resources towards their own survival and development. In turn, the effects of
maternal investment during gestation is a possible contributor to the long-term impacts of
prenatal experiences (Berghanel et al. 2017; Peacock 1991; Wells 2018). While the parent-
offspring hypothesis provides a useful framework to understand the relationship between greater
prenatal stress and child phenotypes across the lifecourse, more data on maternal experience and
child outcomes are needed to properly evaluate these various maternal-fetal developmental
strategies during gestation.

While a wide range of severity and types of maternal stress have corresponded with low
birthweights and adolescent mental health (e.g. pregnancy-related distress, natural disasters,
domestic violence, poverty, trauma, etc.), the precise stress-sensitive physiological processes that
underlie fetal developmental plasticity and shape both low birthweight status and future behavior
are also not well known (Walsh et al. 2019). As previously mentioned, a complex interaction
between maternal biology, placental function, and fetal biology is understood to alter circulating
levels of cortisol in the fetal environment and alter the growth, development, and health of the
gestating fetus. Nevertheless, numerous stress-sensitive gestational processes implicated in
shaping fetal development are currently under investigation, including the diverse roles of
placenta, maternal stress sensitivity during pregnancy, in utero vascular function, inflammation,
and glucocorticoid signaling (Dunkel Schetter 2011; Rosa et al. 2019; Ryu 2019; Wadhwa et al.
2011). In regard to elucidating the physiology of birthweight, further studies that assess fetal
growth trajectories in relation to multiple measures of maternal stress are necessary to untangle
the diverse proximate mechanisms that contribute to low birthweight. The numerous long-term

effects of low birthweight on health and biology across the lifecourse emphasizes the need for
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future evolutionary, developmental, and biological research on fetal developmental plasticity

(Morsing et al. 2011; Mulligan 2016; Kuzawa 2020; Singh et al. 2013).

Chapter 5 supports interesting and fairly new evidence for prenatal stress-linked
developmental plasticity during late adolescence/early adulthood and the stress-sensitization
hypothesis (Hammen et al. 2000). The stress sensitization hypothesis proposes that the risk for
adult mental illness following stressful life events is higher among individuals with a history of
developmental trauma than among individuals without a history of developmental trauma. To
date, DOHaD researchers have found evidence for early adversity-linked stress-sensitization
across the lifecourse, where yet the majority of these studies have examined the impact of early
life postnatal stress during childhood (McLaughlin et al. 2010; Heim et al. 2019; Miiller et al.
2019, Oosterman et al. 2019). For instance, individuals with histories of childhood trauma and
chronic stress across development exhibit greater risk for increased psychological stress
reactivity (McLaughlin et al. 2010; Oosterman et al. 2019), heightened cortisol reactivity
(McLaughlin et al. 2010; Heim et al. 2019; Oosterman et al. 2019), and elevated inflammatory
profiles (Miiller et al. 2019) in response to future stressors.

Growing evidence highlights the possible long-term impacts of prenatal stress on
behavior and psychiatric morbidity in the next generation. While an increasing number of studies
are noting the long-term impacts of prenatal stress on infant, child, and adolescent stress biology,
such as the HPA axis function (Ilg et al. 2019; Koss & Gunnar 2018; Ping et al. 2020; Ziljmans
et al. 2015), inflammation (Flouri et al. 2020; Glover et al. 2018), neurotransmission (Antonelli
et al. 2017; Lindsay et al. 2019), and epigenetics (Barker et al. 2018; Glover et al. 2018; Provenzi
et al. 2020), limited data exists on the effects of prenatal stress on adult stress physiology. Most

research on the long-term biological impacts of prenatal stress examines the function of the adult
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immune system and the HPA axis. Early research shows possible links between prenatal stress

and elevated inflammatory profiles in adults (Bilbo & Schwarz 2009; Entringer et al. 2008; Plant
et al. 2016; Slopen et al. 2015). Additionally, among the few studies available on the maternal
prenatal stress effects on adult HPA axis function (Buchmann et al. 2014; DeSantis et al. 2015;
Entringer et al. 2009), researchers found that greater prenatal stress predicted greater HPA axis
function as indexed by elevated basal concentrations (DeSantis et al. 2015; Entringer et al. 2009)
and greater stress reactivity (Buchmann et al. 2014; Entringer et al. 2009). Further discussion of
the implications of this dissertation on elucidating the mechanisms of prenatal stress and later life
mental health will follow in later sections of this chapter.

Finally, very few studies have examined the prenatal stress effects of later-life stress
sensitization during adulthood. In the Avon Longitudinal Study of Parents and Children
(ALSPAC) study based in Bristol, UK, Buchman and colleagues (2014) found a significant link
between prenatal stress and young adult (ages 19-23) cortisol reactivity after TSST
administration depending on DRD4 (dopamine receptor D4 gene) genotype. Recent stress in the
next generation did not significantly affect this relationship, though the most recent measure of
stress in the young adults was a proxy variable of maternal stress when the child was 15. In one
national study of childhood trauma in the United States, McLaughlin and colleagues (2010)
found that greater childhood adversity predicted increased vulnerability to adult depression,
anxiety, and PTSD. The magnitude of increased mental illness risk increased with the more
number of adult stressful life events reported. My findings in CLHNS suggest a possible stress-
sensitization effect of postnatal adversity on adult depression, and my results in BT20 show more
convincing evidence on the role of stress-sensitization in influencing adolescent psychiatric

morbidity as a result of increased severity of both recent stress and prenatal stress.
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Implications for understanding adaptive intergenerational plasticity

Consistently moderate to high levels of prenatal stress, childhood adversity, and ongoing
stress can also manifest as a larger form of chronic stress in individual’s lifetime experience.
Increased exposure to chronic stress is understood as a major determinant of increased immune
activity (Miller et al. 2007; Gouin et al. 2008), heightened basal HPA axis activity (Fogelman &
Canli 2018), disease outcomes (Cohen et al. 2012; Juster et al. 2010), and future phenotype
(Evans & Kim 2013; Rohleder 2019) across one’s lifecourse. In the context of prenatal
development, chronic stress exposure experienced both by the parents (in their lifetime during
the mother’s gestation period) and the developing child could also serve as an environmental
signal that is significant and reliable enough to be “heard” by the child, potentially across
numerous generations. Chronic stress exposure serves as a more reliable signal due to its
duration and, depending on the stressor, its magnitude and thus can more effectively
communicate to the developing offspring. The longer duration of chronic maternal stress is also
more likely to overlap with sensitive periods in fetal development. This overlap is conceptualized
as having “the potential to facilitate the flow of more reliable, maternally derived phenotypic
information that is less sensitive to such short timescale processes” (Kuzawa & Thayer
2011:225), such as transient stress exposures. As described above, stress physiological processes
like the HPA axis has been widely implicated in mediating the effects of prenatal and early life
stress with future offspring phenotype via stress hormones (i.e. CRF and corticosteroids), a
process that has been strongly evolutionarily conserved.

The HPA axis specifically may be shaped by experiences of prior generations based on

sustained intergenerationally-transmitted signals. As mentioned, there is growing evidence that
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the durable neuroendocrine impacts of prenatal stress stretch across the child’s lifetime,

potentially into adulthood. Oberlander et al. (2008) reported that prenatal exposure to mothers
with depressed and anxious mood during the third trimester was associated with increased infant
cortisol reactivity as well as increased methylation of NR3C1 (gene coding for glucocorticoid
receptor). Additionally, chronic stress and war exposure predicted methylation of HPA axis-
regulating genes in both mothers and infants in the Democratic Republic of Congo (Kertes et al.
2016). Both intergenerational and transgenerational epigenetic residues could serve as potential
signals, among other generationally durable markers, for what Kuzawa (2005) calls
“intergenerational phenotypic inertia.” The development of adaptive strategies that filter out the
communication of environmental variation that occurs on shorter timescales is beneficial since
these environmental conditions are not accurate representations of past ecological conditions.
Intergenerational phenotypic inertia could potentially circumvent this problem through reliable
intergenerational signaling.

The theories and mechanisms of intergenerational adaptive plasticity are an exciting and
developing area of scholarship in human biology and biological anthropology. A number of
questions remain open for future consideration, including the source and direction of fetal
environmental signaling (e.g. “forward”/“backward” facing), when developmental plasticity
results in adaption or pathology, the exact proximate mechanisms of plasticity, and the extent to
which stress-based phenotypic plasticity manifests into the lifecourse. These processes represent
potentially important processes of human adaptability that allow growing individuals to alter
their behavioral, developmental, and physiological trajectories across the lifecourse and
ultimately influence human biological variation. As these theoretical frameworks continue,

future work in human biology can continue to evaluate proposed hypothesis of human
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developmental plasticity intergenerationally and across the lifecourse. In summary, findings from

my three studies consistently highlight the various developmental effects of early stress exposure
on physiology, behavior, and later life mental illness risk. Fetal dynamics represent important
evolutionary, developmental, biological pathways that are responsive to environmental
conditions through maternal signaling, and regardless of its adaptive impacts, may shape future
trajectories of health and development across the lifecourse. While these three studies do not all
come from a single sample or context, my findings in conversation with the broader literature
suggests that prenatal and early life stress may serve as an environmental exposure important in
shaping stress-related developmental plasticity in the next generation, and possibly future

generations.

Mechanisms of development stress exposure, stress physiology, and later life mental illness risk
Findings from this dissertation also extend the growing literature on the developmental origins of
health and disease and shed light on the long-term effects of intrauterine trauma exposure and
postnatal early life stress on future psychiatric morbidity in the next generation. Collectively,
these studies suggest that early life experiences play important roles in shaping biology (e.g.
birthweight in Chapter 4), mental health (psychiatric morbidity in Chapter 5 and 6), and behavior
(mood, stress, and psychological status in Chapters 5 and 6) across the lifecourse. While I was
not able to test my original hypotheses on the role of the HPA axis in underlying the long-term
effects of early stress in the BT20 sample, [ was able to assess this hypothesis in a comparative
analysis using longitudinal birth cohort data from CLHNS, which showed that adult diurnal
cortisol rhythms did not influence the adult depressive effects of early life stress. Additionally,

my findings from Soweto show evidence for a potential prenatal stress-linked developmental



206
pathway that affects later life mental health during late adolescence and early adulthood. In this

section, I will describe the contributions of these studies to the current literature on DOHaD
research on early stress exposure and mental health and propose a possible pathway by which
prenatal stress intergenerationally influences child health and development and affects later life
mental health status.

The birthweight lowering effect of maternal prenatal stress, along with low birthweight
status generally, is becoming increasingly implicated in the long-term psychopathological
impacts of the developing child, including anxiety, attention-deficit hyperactivity disorder,
depression, psychosis, and schizophrenia (Ellman et al. 2019; Mathewson et al. 2017; Riikkonen
et al. 2012; Schlotz & Phillips 2009; Thomas et al. 2009). For instance, a large analysis of
Swedish and Danish birth registries (n = 1.49 million) report that low birthweight predicted an
increased risk for anxiety disorders, substance use disorders, schizophrenia, and drug use
disorders (Abel et al. 2010). Several biological pathways have been implicated in the
mechanisms underlying the association between low birthweight and adult mental health.
Birthweight is associated with structural and functional changes in the brain during adulthood
(Buss et al. 2007; Raznahan et al. 2012; Taylor et al. 2011), which have been associated with
adult depression (Ye et al. 2020) and cognitive function impairments (Bjuland et al. 2014;
Farajdokht et al. 2017; Taylor et al. 2011). Additionally, low birthweight infants have exhibited
greater HPA axis activity and inflammatory profiles during adulthood (Bhuiyan et al. 2011;
Phillips et al. 2000).

Importantly, birthweight is not a good proxy for fetal growth and development as birth
size and gestational age may be shaped by separate underlying mechanisms that may also have

distinct impacts on future psychopathological risk (O’Donnell & Meaney 2017). Thus it is useful
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to understand the proximate mechanisms that underlie the effects of prenatal stress on the fetus.

Maternal prenatal stress exposure is understood to shape a series of complex neuroendocrine,
inflammatory, and molecular pathways that alter the developmental trajectories of the fetus in
utero. Greater maternal stress during pregnancy may result in an overactivation of a suite of
stress regulatory mechanisms, which has been shown to penetrate the gestational environment
and reach the fetus despite the presence of extant stress-buffering mechanisms (e.g. placental
neuroendocrine and enzymatic activity, anti-inflammatory cytokines, etc.). Stress-induced
alterations in the gestational environment may then impact the sensitive and dynamic biology of
the developing fetus, resulting in altered function of the fetus’s own stress physiology and brain
development (Glover et al. 2018; Monk et al. 2019; O’Donnell & Meaney 2017).

For instance, research has shown that greater fetal exposure to glucocorticoids and
inflammatory cytokines are understood to influence placental inflammatory function and
neuroendocrine secretion (Hantsoo et al. 2019; Kratimenos & Penn 2019; O’Donnell et al. 2009;
Sandman 2018), fetal growth trajectories (Entringer et al. 2011; Heinrichs et al. 2010;
Valsamakis et al. 2020) and gestational timing (Bandoli et al. 2018; Ting et al. 2018). Recent
findings has also shown that fetal exposure to maternal glucocorticoids corresponds with altered
methylation profiles of infant glucocorticoid receptor (Mulligan et al. 2012; Sosnowski et al.
2018), neurotransmitter (Unternachrer et al. 2016), neurogenesis-related genes (Braithwaite et al.
2015; Devlin et al. 2010; Kertes et al. 2017) and loci involved in placental glucocorticoid
function (Conradt et al. 2016; Monk et al. 2016). Finally, prenatal maternal anxiety has been
shown to predict neonatal “microstructure of regions important for cognitive-emotional function
(right insula and dorsolateral prefrontal cortex), sensory processing (right middle occipital

cortex), and socioemotional function (right angular gyrus, uncinate fasciculus, posterior



208
cingulate, and parahippocampus)” (O’Donnell & Meaney 2017:320), regions that have been

consistently linked with internalizing behaviors in infants. Together, the literature suggests that
these gestational neuroendocrine, inflammatory, neurobiological, and molecular mechanisms not
only alter fetal biology, but may also durably persist in the postnatal life of the child.

Chapter 5 shows evidence for the possibility that greater levels of prenatal stress may
sensitize the developing child to stress, and thus making the child more vulnerable to developing
poor mental health outcomes like depression. As the number of retrospective and longitudinal
studies on human development grow, researchers are finding that prenatal stress-induced fetal
cortisol elevations and low birthweight are significant risk factors for later-life HPA axis
dysregulation (e.g. flatter diurnal rhythms, increased cortisol reactivity), inflammatory function,
altered brain structure, and mental illness risk in adolescence and adulthood. A recent meta-
analysis also found that low birthweight was associated with increased odds of later-life
depression (de Mola et al. 2014), and as I explain above, low birthweight status may be a result
of maternal stress-linked increased fetal cortisol exposure, particularly during early pregnancy.
In one study, researchers found that women who experienced greater maternal anxiety during
pregnancy were more likely to have children with flattened diurnal cortisol slopes, which
predicted depression in female adolescents (Van den Bergh et al. 2008). This growing area of
research on prenatal stress is consistent with the larger body of scholarship on the effects of
postnatal early life stress, another sensitive period for stress physiological function, which are
known to have similar lasting effects on neuroendocrine, inflammatory, and molecular
mechanisms across development, extending into adulthood (Gustafsson et al. 2010; Heim &

Binder 2012; Taylor et al. 2010).
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Early stress-linked dysregulation of stress physiological mechanisms, characterized by

altered diurnal cortisol rhythms, glucocorticoid resistance, chronic low-grade inflammation, and
altered cortical volume and brain function, has consistently been reported as both a prospective
risk factor and cross-sectional neuropsychiatric phenotype of mental illness in adolescents and
adults (Doane et al. 2013; Heim et al. 2019; Jarcho et al. 2013; Miller et al. 2011; Taylor 2010;
Van den Bergh et al. 2008; Vrshek-Schallhorn et al. 2013). Though the pathophysiological
mechanisms of depression are variable and still unknown, alterations in cortisol activity are
understood to influence depression possibly as a result of inflammation caused by glucocorticoid
receptor insensitivity (Miller et al. 2009) and impairment of glucocorticoid-mediated negative
feedback processes of the HPA axis (Pariante & Lightman 2008). Studies also show that chronic
stress-induced hypercortisolism and inflammation initiate a cascade of neurophysiological
processes that alter the function of the serotonergic system (Leonard & Song 1999; Leonard
2001). The widespread impacts of these stress mechanisms may then impact the neurocircuitry of
the brain, specifically the amygdala-centric circuit that modulate the emotional characteristics of
depression and other psychopathologies (Krishnan & Nestler 2010; Savitz & Drevets 2009).
While further research is necessary to confirm the pathophysiology of depression, strong and
growing evidence suggests that stress physiological impacts of prenatal and early life stress can
have durable impacts on these biological pathways that may raise psychiatric disease risk in the
next generation.

The BT20 data (Chapter 5) also show that an interaction between greater prenatal stress
and more recent stress exposure predicts higher psychiatric morbidity. Based on insights from
the early life postnatal stress literature, there are two possible mechanisms that may facilitate the

lasting impacts of prenatal stress on future psychiatric morbidity. First, as described already,
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increased severity of early stress may cause durable increases in psychological and physiological

stress reactivity (e.g. HPA axis, the immune system, and brain function) into adulthood, which
may make individuals respond worse to future stressors, and in turn increase one’s risk of
developing MDD (Hammen et al. 2000; Heim et al. 2019; Kendler et al. 2004; McLaughlin et al.
2010). For instance, adults with histories of childhood trauma and chronic stress across child
development tend to exhibit greater risk for increased psychological stress reactivity, heightened
cortisol reactivity, and elevated inflammatory profiles in response to future stressors (Heim et al.
2019; Miiller et al. 2019; Oosterman et al. 2019). Recent studies have also reported the long-term
impacts of child abuse on brain function, including regions like the amygdala and hippocampus
that regulate the perceptions of threat appraisal and emotions (e.g. fear, sadness) and are
involved in the pathogenesis of MDD (Dannlowski et al. 2012; Opel et al. 2014; Teicher et al.
2016). These early stress-linked alterations in future stress physiology may subsequently
predispose individuals to being more sensitive to future stressors, which in turn may increase an
individual’s risk for a suite of psychopathologies, including depression.

Conversely, greater histories of prenatal stress may increase the severity of adult
depressive symptoms or MDD and increase emotional and biological sensitization to future
stressors and adverse events. As seen in Chapter 6, childhood trauma, and more recently prenatal
stress, are well-known risk factors that influence the severity and duration of MDD and other
psychopathologies (Mandelli et al. 2015). Additionally, the major symptoms of MDD, such as
persistent feelings of victimization, learned hopelessness and helplessness, and negative
appraisal (Folkman & Lazarus 1986; Peterson & Seligman 1983) may have elevated one’s
sensitivity to and appraisal of recent stressful events in the BT20 sample. Past findings have

shown that adults with histories of childhood trauma and greater MDD severity, particularly
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among melancholic subtypes, have developed increased psychological (Medrano & Hatch 2005;

Peterson & Seligman 1983) and neuroendocrine sensitization (Stroud et al. 2011) to future
stressors. Thus, greater accounts of or sensitivity to recent stress may have arisen as a function of
the depressive effects from prenatal. Future longitudinal research is needed to determine the
underlying stress physiological mechanisms by which prenatal stress influences future stress
sensitivity and psychopathological morbidity.

Though I did not find this in my analysis, the literature also notes potential sex-specific
impacts of early life stress on HPA axis function and poor mental health, specifically in females.
The long-term impacts of prenatal stress on gestational and postnatal HPA axis development and
mental health have repeatedly been found exclusively or in greater magnitude in females
compared to males (Glover & Hill 2012; Goldstein et al. 2019; Sutherland & Brunwasser 2018).
Recent evidence shows that the female placenta reduces cortisol-inactivating 11B-hydroxysteroid
dehydrogenase type 2 activity, increases cortisone-active 11B-hydroxysteroid dehydrogenase
type 1, and upregulates glucocorticoid receptors, collectively resulting in greater permeability
and fetal exposure to circulating cortisol in females compared to males (Clifton 2010; Mina et al.
2015). Furthermore, several studies have also reported more pronounced effects of greater
maternal stress and prenatal synthetic glucocorticoid administration on increased cortisol
reactivity among females (Alexander et al. 2012; de Brujin et al. 2009; Quesada et al. 2014; Van
der Bergh et al. 2008) or only in females (Ping et al. 2015). For example, Van den Bergh et al.
(2008) found that the mothers who experienced greater anxiety during pregnancy had children
who, regardless of gender, exhibited flatter diurnal cortisol rhythms. Furthermore, the long-term
neuroendocrine effects of maternal anxiety were associated with worse depressive symptoms, but

this pattern was only seen in females. While we were not able to directly assess glucocorticoid
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and gonadocorticoid activity, past research findings suggest that an interaction between estrogen

and HPA axis hyperactivity may have influenced the increase in female adolescent psychiatric
morbidity (Glover & Hill 2012).

There is growing evidence that these effects on the child HPA axis can persist into
adulthood and potentially into the next generation (Brand et al. 2010; McGowan & Matthews
2018; Van den Bergh et al. 2017). Altered HPA axis function in adult women due to their own
prenatal and postnatal exposure to stress, is believed to in turn have the potential to transmit
similar effects to their developing offspring in utero, thus creating a multigenerational cycle of
stress transmission (Drake et al. 2004; Kuzawa & Sweet 2009). Strong evidence from animal
models displays discernable impacts of a variety of grandmaternal prenatal stress on second and
third generation phenotypes, such as reduced body size, altered stress reactivity, and depressive-
like mood (Drake et al. 2004; Ward et al. 2013). A small handful of human studies documents
multigenerational effects of prenatal conditions among grandchildren, but these studies only
focus on the impacts of undernutrition and rely on retrospective reporting of experience. While
this dissertation was unable to assess this hypothesis due to the COVID-19 pandemic
interrupting my data collection in South Africa, my results from Chapter 5 show preliminary
evidence that prenatal stress may impact the stress physiology of reproductively aged adolescents

and adults later in life.

7.3 Implications for public health in South Africa and the field of global mental health
It is plausible that some of South Africa’s largest public health burdens both result from
and perpetuate this pathway of intergenerational stress transmission. LMICs face greater burdens

of poor birth outcomes and mental illness, and South Africa is no exception. Rates of low
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birthweight are relatively high (14.2%) and surprisingly close to the rates observed in more

poverty-stricken countries in the sub-Saharan region (UNICEF-WHO 2019). In South Africa,
LBW is the second leading cause of death in children under 5 years of age (Bradshaw et al.
2003). Additionally, across sub-Saharan Africa, South Africa ranks among the highest in rates of
mental, neurological, and substance use disorders. The 2016 Global Burden of Disease study
estimated 12-month prevalence for any psychiatric disorder was 16.2%, or approximately 9.1
million individuals (GBDCN 2017). The economic and political legacies of apartheid continue to
the present today, and through these intergenerational pathways of stress transmission, the lasting
impacts of apartheid may potentially continue to reverberate across generations and sustain the
social and racial health disparities in mental illness and poor birth outcomes seen today in South
Africa.

These data emphasize the importance of prenatal and early childhood development
programs and policies in South Africa, especially for child mental health. President Nelson
Mandela’s first major policy announcement during his term was to institute free healthcare for
children six years and under and also for pregnant women (BMJ 1997). While the country has
shown considerable progress in antenatal clinic enrollment and attendance, rates of adverse
infant birth outcomes remained problematic, even to today, and research has shown major
inefficiencies and strains on the public healthcare system (Damian et al. 2016; Wabiri et al.
2016). The early childhood development sector has also seen similar improvements, but limited
infrastructure, capacity, funding, and training opportunities continue to stymie the efficacy of
these national policies (Atmore 2013). The South African Department of Health released its most
recent version of the Guidelines for Maternity Care manual in 2015 (SADOH 2015), outlining its

comprehensive policies for care and delivery of newborns in the country. The Guidelines were
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published in part to meet Millennium Development Goals and to also respond to the alarming

rates of maternal and infant deaths in the country. The document, however, does not include
details or specific information about the role of psychosocial stress and mental health in the
document. Along with existing initiatives and advocacy campaigns from the NGO and public,
the findings in this dissertation call for continued improvements and support for prenatal and
early life development programs in order to improve physical and mental health outcomes across
the lifecourse.

Findings from this study also contribute to the limited literature addressing the lifecourse
determinants of mental health impacts in South Africa, particularly in longitudinal and
prospectively designed studies. Given the massive societal, economic, political, and public health
changes over the past 30-40 years, the conditions that influence public mental health also change
(Richter et al. 2018). Additionally, there are a limited number of longitudinal studies that
originate before apartheid and span over 10 years in South Africa, making the BT20 one of the
few multigenerational birth cohort studies in the country and also Africa’s largest and longest
running study of child development (Richter et al. 2007). A number of South African birth
cohort and longitudinal studies are running today, including the Drakenstein Child Health Study,
the Health and Aging in Africa Study based in the Agincourt subdistrict of Mpumalanga
province, and the Venda Health Examination of Mothers, Babies and their Environment
(VHEMBE) birth cohort study in Venda, yet most of these studies have started after the turn of
the century. Finally, national level statistics of mental health trends, particularly those that are
nationally representative, are rarely released by the national government and thus severely
lacking. Birth to Twenty has and will remain an invaluable resource of public health data for

both the country at-large and stakeholders across the world.
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The onset of the COVID-19 pandemic also introduced new threats to South African

mental health and exacerbated old, and sorely underrecognized, concerns. As of October 8, 2020,
South Africa reported 685,155 confirmed cases, 17,248 deaths, 618,127 recovered people, and
4,318,514 tests conducted (Figures 1-3). While the South African response to COVID-19 was
swift and assertive in surveilling, managing, and treating the disease (Abdool Karim 2020;
Ogbolosingha & Singh 2020). Despite the rapid and effective public health response at the onset
of the pandemic (South African COVID-19 Modelling Consortium, 2020), the inevitable
economic and social ramifications of the pandemic and the national lockdown have
disproportionately affected already marginalized communities the most (Arndt et al. 2020).
Furthermore, recent research shows that the harsh government sanctions to adhere to COVID-19
mitigation policies, including militarization, demolitions of informal settlements, and widespread
police brutality, have impacted already vulnerable communities who are unable to properly
quarantine (Isbell 2020; Labuschaigne, 2020; Staunton et al. 2020), many of which have been
shown to impact mental health (Kim 2020a; Kim et al. 2020; SADAG 2020). For millions of
South Africans, vulnerability to COVID-19 infection and its impacts is amplified by other pre-
existing adversities, such as hunger and violence, an overburdened healthcare system, a high
prevalence of chronic and infectious disease, and alarming rates of poverty (55.5%) and

unemployment (29%) (Docrat et al. 2019; Joska et al. 2020; StatsSA 2019).
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Figure 1. Daily cases, active cases, and daily deaths between July and present (October 8, 2020)
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Figure 2. Daily cases in five municipalities of Gauteng
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Johannesburg Subdistricts

Region A Region B Region C

Region D Region E Region F

Figure 3. COVID-19 trends by subdistricts. Region D represents statistics for Soweto.

Case Study: Examining the Mental Health Impacts of COVID-19 Conditions during the First Six
Weeks of the National Lockdown in Soweto

Soon after the South African lockdown, my team and I (Kim et al. 2020) quickly shifted our data
collection to investigate the mental health impacts of the COVID-19 pandemic among adults
residing in Soweto - a major mixed-income African city with elevated rates of comorbidities
such as diabetes, hypertension, and HIV. Using an ongoing community-based epidemiological
surveillance study, we combined pre-existing data on health behaviors, disease status, and social
environments with telephonic survey data on perceptions of COVID-19 and mental illness risk to
characterize experiences during lockdown, understandings of the novel coronavirus, and the

mental health impacts of the pandemic. In a sample of 221 adults, higher perceived risk of
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COVID-19 infection predicted greater depressive symptoms (p < 0.001; Figure 4) particularly

among adults with histories of childhood trauma, though this effect was marginally significant (p
=0.063; Figure 5).

Greater knowledge of COVID-19 prevention and transmission was also associated with
lower perceived risk of COVID-19 but higher depressive symptoms. While a large majority of
participants reported that experiences of the COVID-19 pandemic did not affect their mental
health (or “mind”), 10-20% of participants reported potent experiences of anxiety, fear, and
“thinking too much” as a result of the pandemic. These concerns during the lockdown were
driven and exacerbated by the inability to care for themselves and their families, crippling
economic struggles, personal vulnerability due to illness, the invisible nature of COVID-19
transmission, and a lack of awareness of the disease. These results highlight the compounding
effects of past traumatic histories and recent stress exposures on exacerbating the severity of

depressive symptoms among adults living in an urban South African context.

Predicted Depression Scores by COVID-19 risk group
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Figure 4. Predicted depression scores by perceived COVID-19 risk group (Kim et al. 2020).

Note: Greater perceived risk of COVID-19 infection corresponds with greater depression
symptomatology in adults living in Soweto. The effect of being in the ‘More risk’ group is
highly significant (p < 0.001) relative to being at ‘Less risk’, while the effect of perceiving that
one is at the ‘Same risk’ of COVID-19 infection relative to other individuals living in Soweto on

depression symptoms is marginally significant (p = 0.088).

Childhood trauma and Depression scores by COVID-19 risk group
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Figure 5. Childhood trauma (ACES) and Depression scores (CESD) by COVID-19 risk group

(Kim et al. 2020).
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Note: Greater childhood trauma (ACES) potentiates the positive relationship between greater

perceived COVID-19 risk and the severity of depressive symptomatology. The effect of the
interaction between childhood trauma and perceived COVID-19 risk on depression is marginally

significant [F(1,208) = 3.51, p = 0.0625].

The impacts of the pandemic on tertiary care centres were dramatic, particularly during
the peak of the pandemic, as hospitals were flooded with COVID-19 patients and their already
full list of patients, which meant fewer available beds. The largest state hospitals were forced to
turn away those whose mental illnesses were not severe enough for immediate attention (U.
Subramaney & T. Mdaka, Personal communication 2020). Greater capacity of psychiatric
services at the primary healthcare level could treat mentally unwell patients earlier and in turn,
lessen the burden of tertiary hospitals now and in the future. These new mental health adversities
exist against a backdrop of poor national support. The national mental healthcare budget is
severely limited — only 5% of the national public health budget is allocated for public mental
healthcare (Docrat et al. 2019). These shortages have led to overburdened clinics, difficult staff
shortages, chronic medication stockouts, and in some cases, mental healthcare tragedies (e.g.
Life Esidimeni Healthcare Tragedy). Reallocating funds to increase the financial capacity of
psychosocial, psychological, psychiatric care is much needed. In particular, greater support of the
primary-level mental healthcare is necessary. Below, I provide two promising initiatives that
may assist improving and supporting future initiatives for public mental health in South Africa:

telepsychiatry and stronger primary care systems.

1) Telepsychiatry
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Widespread evidence highlights the therapeutic effectiveness and accessibility of phone-

based counseling, particularly during public health crises and healthcare restricted settings.
Telepsychiatry, or the use of telecommunications to deliver psychiatric care outside of healthcare
facilities, are critical resources for high-risk and hard-to-access communities during public health
emergencies. Numerous telehealth psychological interventions worldwide have shown to be
cost-efficient, lead to sustained, decreased mental illness risk, confidential, and improve mental
well-being, particularly public health emergencies (Bashur et al. 2016). In addition to South
Africa having the highest rate of cellphone usage in the African continent (ICASA 2020), low
costs, convenience, and privacy have made telemedicine a prioritized mode of healthcare
delivery in South Africa (SADOH 2019). Telepsychiatry gained major attention when the WHO
prioritized addressing inequities in mental health treatment (mhGAP). South Africa already has a
strong platform in place that is ripe for integrating mental healthcare services - a recent priority
of the National Department of Health. The South African Depression and Anxiety Group
(SADAG), a vanguard in the country’s response to the psychological impact of the pandemic,
has provided numerous virtual counselling and referral services through telephonic and
WhatsApp counselling. SADAG’s call volumes have doubled since the start of the lockdown,
though rural communities or individuals who lack access to the proper equipment are unable to

benefit from such services.

2) Stronger infrastructure for community psychology and psychiatry
With the overall prevalence and burden of COVID-19 expected to peak in the coming
months, the mental health impacts of the pandemic may also see a spillover into tertiary care

centres, thus adding further pressure to the system. Diverting major portions of the case load
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onto well-equipped and well-staffed community outpatient clinics can mitigate the overflow of

future patients and also build an infrastructure to screen, treat, and prevent future mental
illnesses. Building a stronger infrastructure for community psychology and psychiatry is
multifold. This includes the development of greater home-based and non-specialty care centers
for psychiatric patients situated in patients’ communities, rather than 60 km away. We must also
learn from the past wrongdoings of past mental health crises, in particular the Life Esidimeni
tragedy which resulted in the mismanagement of the public mental healthcare system, 178
known deaths due to medical malpractice, and missing patients (Robertson et al. 2018). Greater
engagement and collaboration with church leaders and traditional healers, particularly in rural
settings, is also expected to improve healthcare outcomes due to South Africa’s medically
pluralistic context (Moshabela et al. 2017; Sorsdahl et al. 2010). Finally, greater funding for
community psychology infrastructure can lay the groundwork for sustainable changes in the
mental healthcare system. One interlocutor who oversees the primary mental health care system
in the West Rand of Gauteng province describes the revolving door that acute psychiatric
patients enter and leave throughout tertiary care settings: “...until [acute psychiatric patients] are
readmitted again, they are managed by us. So I feel that the pyramid needs to shift a little bit. We
almost need to put community psychiatry on top in terms of the budget” she explains.

While I have examined the effects of a variety of individual- and community-level factors
across the lifecourse on adult depressive symptoms and mental health in these studies, the social
and historical contexts from which many of these social and psychological factors arise are
largely responsible for the current state of psychiatric morbidity and vulnerability to infection in
Soweto today. Nearly all participants were born during the oppressive apartheid regime or

shortly after its violent dissolution, which is when all childhood traumas reported in the original
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BT20 cohort took place. Though children were not always exposed to the everyday adversities

and extreme traumas of racial segregationist cultures and policies, the distributive impacts of
racialized and classed violence among families often times translated to poor housing quality,
food insecurity, family violence, and child abuse. The psychological, economic, and structural
legacies of apartheid violence manifest in the present moment where the intergenerational trauma
of apartheid may persist and sustain racial and class disparities in mental illness, socioeconomic
opportunity, and infectious disease risk. We offer this history to contextualize our findings and
emphasize the importance of prioritizing accessible mental health and infectious disease
prevention services countrywide. We must recognize the unequal and unjust effects of trauma
among marginalized communities, especially considering the historical legacies of violence in
South Africa and elsewhere. Mitigating the mental health impacts of the pandemic should be a
priority in Soweto given the lack of available mental healthcare services. The psychological
sequelae of the lockdown may be longer lasting than expected, and greater screening, referral,
and treatment options should become available. Finally, given that low- and middle-income,
postcolonial communities face the greatest burdens of mental illness worldwide, the development
of strong mental health research systems should be supported in these settings.

With the rise of the movement for global mental health, significant developments in
scholarship, global health, and health policy have generated alongside explanatory frameworks
for the prevalence and impact of psychological disease, whether implicit or explicit. Examples of
such frameworks include stress and trauma based models, lack of resources such as healthcare,
and biological abnormalities (e.g. imbalances of neurotransmitters in the brain). While these
explanatory models have bore tremendous advancements in knowledge about the epidemiology,

lived experiences, and consequences of what was previously an underappreciated set of diseases,
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mental illnesses, these existing frameworks underemphasize or overgeneralize the political

systems and intentions that produce the dramatic inequities in mental illness burden and
undertreatment seen today. Explicit recognition and examination of the political dimensions of
global mental health provide greater weight to the systems and power structures that force
individuals in conditions that place them at risk of developing mental illnesses, among other
morbidities, prioritize the experiences of those with mental illnesses, which include prioritizing
their thoughts on risk factors, service quality, and needs, and their visions for positive mental

health at multiple levels of society.

7.4 Future research
Soweto Stress Study: Intergenerational trauma, HPA axis function, and mental illness across
three generations

When in-person data collection is deemed safe in Soweto, I will relaunch my original
dissertation study on the intergenerational mental health effects of apartheid-based trauma on
birth outcomes, HPA axis function, and mental health outcomes in second and third generation
participants in BT20. Before the lockdown in late March, my study assessed mental illness risk
(depression, anxiety, PTSD), stress and trauma exposure, and other lifestyle and household
factors among families in and around Soweto. To trace the biological mechanisms involved in
facilitating the intergenerational transmittance of trauma, I also collected saliva and blood
samples to measure diurnal cortisol levels and inflammatory profiles, and to also examine how
increased social support during puberty, a possible sensitive period of HPA axis recalibration,

can facilitate a possible reversal of the past impacts of trauma. These new data points will be
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combined with 30-years of longitudinal data to understand the life course pathways that

influence the development and amelioration of later life psychopathologies.

While primary data collection is underway, my findings from Chapter 5 data have
identified potential biological, developmental, and social mechanisms of intergenerational
trauma. Analysis of BT20 data show that pregnant women who endured more traumatic stressors
during apartheid had children who, 17-18 years after initial trauma exposure, exhibited greater
psychiatric morbidity. Additionally, numerous discussions with long-time residents of Soweto,
including some BT20 grandmothers and their families, in my ongoing ethnographic work
corroborated these patterns and contextualized such possible biological pathways of generational
trauma. Older women somberly recounted the state-sanctioned violence against their
communities in Soweto during 1990 which included police killings of adults and youth, clouds
of tear gas, and public executions. These violent conditions exacerbated the traumatic wounds of
women who coped with domestic violence through substance abuse, men who suppressed their
emotional needs and developed unrecognized mental health problems, and children who
witnessed and became desensitized to such oppressive conditions, which in turn, drives future
cycles of trauma and illness. My research in South Africa, however, also identifies numerous
sources of healing, such as religious and community-based support, culturally competent mental
healthcare, and Black empowerment, aimed at ending legacies of apartheid (Kim et al. 2019).

This study will be among the first to assess the apartheid-era effects of violence on long-
term mental illness risk and the first study to identify biological pathways of intergenerational
trauma and resilience through HPA axis dysregulation across three generations. Findings will
contribute to the growing literature on the developmental pathways of later life psychopathology

and underlying mechanisms, and may inform advancements in theory and practice within
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anthropological, biological, psychological, and therapeutic fields. The study may also inform

future endeavors to identify which periods of human development are optimal for intervention in
order to maximize the treatment and prevention of trauma-induced mental illnesses and social
complications. Understanding the temporal limits of historical trauma and clarifying its
consequences across generations may also strengthen claims of redress and assist communities
who have undergone historical trauma to continue to hold oppressive regimes accountable (Kim

2020b).

Reflections on the politics of intergenerational trauma

Findings on the biology of intergenerational trauma, particularly in the world of
behavioral epigenetics, have already made impressionable impacts in community forums, social
institutions, and governments worldwide. Evidence for intergenerational transmission of trauma
was considered by The International Criminal Court (ICC) when deliberating on reparations for
war crimes against Hema communities in the DRC (ICC 2017), and the California assembly
passed a bill (ACR 177) to “encourage awareness that intergenerational trauma, which has been
identified through epigenetic study, may have an impact on the outcomes of certain citizens of
California” (Jones-Sawyer 2018). The social applications of this research, however, straddles a
fine line between positive social impact and negative bioethical implications.

For example, in the case of the epigenetic inheritance, the possibility that the embodiment
of impoverished or “toxic” environments (Lamoreaux 2020) could lead to durable changes in
genomic expression and epigenomic profiles may reinstantiate biologically reductionist and

eugenic thinking that “molecularizes” imagined social hierarchies (Meloni & Testa 2014;
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Niewohner 2011). And in some cases, this research occurs among study populations who were

historically victims of social Darwinist ideology and scientific racism.

We have also seen both implicit and explicit victim blaming of research participants and
in particular, vulnerable mothers, who are painted as the scapegoat for poor child health
outcomes in a time where maternal exposures to trauma, teratogens, and poor nutrition are seen
as a major threat to future child development (Barker et al. 2013; Richardson et al. 2014).
Additionally, researchers have warned that the social malleability of hormonal and epigenetic
profiles may also introduce a potential “rebiologization” of race (Duster 2015; Meloni 2017).
While evidence for transgenerational epigenetic inheritance poses exciting opportunities for
ongoing initiatives that aim to hold past oppressive accountable for historical violence, further
research must be done before utilizing such information for reparative action.

Greater need to understand the biology of intergenerational trauma situated in the
politicized and historicized context of imperialism, colonialism, racism, classism, and other
forms of oppression. The work and culture of science downplays the importance of these
contextual ways of thinking, and this erasure allows colonial logics to manifest in scientific
knowledge production. Research occurs among study populations who were historically victims
of social Darwinist ideology and scientific racism. Example - French scientist saying that we can
test COVID vaccines in African countries.

Birth cohort studies have become the gold-standard method for tracing the
intergenerational transmission of stress primarily due to the major focus on the developmental
origins of health and disease framework in public health (Barker et al. 1989). Epidemiologists
and public health officials have held birth cohort studies in high regard to elucidate the biological

mechanisms underlying intergenerational trauma, as stress-related diseases such as depression
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and hypertension are understood to largely originate from intrauterine exposures to maternal

trauma and social adversity (Entringer et al. 2015). And throughout the twenty years of research
using birth cohort studies to assess the DOHaD hypothesis, anthropologists have made
substantial contributions to these research conversations with critical perspectives on the
evolutionary, biological, evolutionary, social, political dynamics of the effects of early life stress
and intergenerational trauma.

As research on intergenerational trauma continues, there is a growing wave of skepticism
about the plausibility of these scientific findings, especially in the field of behavioral epigenetics
(Miller 2010). Additionally, social scientists have raised the concern that the possibility that
certain biological characteristics and behaviors could be socially malleable may feed into

dangerous eugenic thinking (Meloni 2016).

Reflexivity, measurement, and reparations

Over my four years of studying intergenerational trauma in Johannesburg, three
reflections continue to revisit me.
1) Ethnographic contextualization matters.

To illustrate this point, I share an entry from my field notes about my conversations with

a BT20 family earlier this year:

Thirty years after Hlengiwe took the SCS prenatal stress survey, we invited her back to
SCS, this time with her 30-year old daughter, Thabile, and her 5-year old granddaughter,
Thandi. The building is more than familiar to Hlengiwe and Thabile, who have been

coming to our research site nearly every year for the past 30 years. When I tell them
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where the bathrooms are, they laugh and correct me, telling me that I pointed them to the

men’s room. “The ladies’ is on the top floor, wena!”

Hlengiwe vividly described the neighborhood violence at the time. When I asked her how
she thought these conditions affected her pregnancy, she responded: “Yoh... (shakes
head and looks forward). They inherited tear gas and tires and they were burning people.”
She then continued to explain other stressors she faced during her pregnancy: her fear of
gaining too much weight, being unable to work and save money for food and clothes for

her newborn, and the stigma of single motherhood.

Operationalizing a measure of “stress” during an extremely complex time of political
violence and societal transition is a difficult endeavor from the start, and researchers are faced
with numerous issues. First, as most epidemiological and demographic studies do, researchers
either utilize internationally or locally validated measures to assess what are usually very
complex social constructs or, less commonly, create their own surveys if existing scales are
inadequate, though efforts to adapt scales aren’t always effective (Mendenhall & Kim 2019).
Second, as anthropologists have previously argued, numbers and global health metrics can flatten
the complexity of lived experience and social and political realities (Adams 2016;
Sangaramoorthy & Benton 2012). Meaningful histories of segregation, stigma, and political
violence get erased when research assistants check off a series of likert scale responses (1-5, not
concerned to very concerned), and in the context of biological studies, become simplified as
concentrations of stress hormone levels, body-mass index, and cognitive function, and opening

the door for victim-blaming narratives.



230
Third, the subjectivities of the researcher can also bias methods of data collection,

statistical modeling, and what is seen as “traumatic,” causing a privileging of the researcher’s
worldview over those of the participants. Stressors and traumas that become biologically and
socially embodied and intergenerationally transmitted must first be appraised as stressful or
traumatic, which is inherently a culturally-mediated process (Kohrt et al. 2009). Thus, poor
assessment of psychosocial experiences like “stress” can obfuscate deep political dimensions,
present missed opportunities for observing biological responses to trauma, and ultimately biasing
the search for empirical “truth.”

Better measurement never hurts, and for epidemiologists and public health researchers,
this means engaging in deeper ethnographic theory and practice and producing reflexive
scientists. Deeper ethnographic research on trauma and mental health, for example, can lead to
the development of surveys that are more sensitive to the cultural realities of birth cohort study
participants. For example, Kaiser et al. (2013) utilized a rigorous ethnographic approach
consisting of long-term participant-observation, in-depth interviews, and focus groups to adapt
existing depression and anxiety screeners and develop new mental health measures that better
accounted for locally salient symptoms of distress and their negative sequelae in the Central
Plateau of Haiti.

Stronger reflexive practice can also illuminate blind spots that previously obscured social
or biological factors that may be involved in intergenerational stress transmission. Biocultural
anthropologists are well-positioned to take the lead on practicing a reflexive anthropological
process that begins with ethnography, informs epidemiological research, and in turn produces
new questions for ethnographic research (Brown et al. 2009). And finally, a thorough and critical

understanding of the social, political economic, and historical dynamics of intergenerational
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trauma can allow scientists to more substantially contribute to public discourse on social health

inequities, remembrance and memorialization, and transitional justice.

2) Is the effect of prenatal stress on later life health outcomes causal? What does this mean?
While this dissertation aimed to examine the associative relationships between prenatal

stress and later-life physical and mental health outcomes using observational data, I am not able
to make causal claims about the long-term impacts of prenatal stress. While this dissertation
highlights the mounting theoretical and empirical evidence for the possibility that developmental
stress may alter fetal and child physiological development and in turn affect their later-life health
status and disease risk, my dissertation was not designed to assess the causal effects of early
stress on birth weight, adolescent psychiatric morbidity, and HPA axis function, and depression

and did not meet the statistical criteria for establishing causality. These include the following:
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Table 6-3. The Hill criteria for inferring causation

Criteria Definition

Strength A strong association is more likely to be causal. The measure of strength of an
association is the relative risk and not statistical significance.

Consistency An association is more likely to be causal when it is observed in different
population groups.

Specificity When an exposure is associated with a specific outcome only (for example, a
cancer site or even better a particular histological type of this cancer), then
it is more likely to be causal. There are exceptions, however, for example,
smoking causing several forms of cancer.

Temporality A cause should not only precede the outcome (disease), but also the timing of
the exposure should be compatible with the latency period (in non-
infectious diseases) or the incubation period (in infectious diseases).

Gradient This criterion refers to the presence of an exposure-response relationship. If
the frequency or intensity of the outcome increases when an exposure is
more intense or lasts longer, then it is more likely that the association is

causal.
Plausibility An association is more likely to be causal when it is biologically plausible.
Coherence A cause and effect interpretation of an association should not conflict with

what is known about the natural history and biology of the disease, or its
distribution in time and place.

Experimental evidence If experimental evidence exists, then the association is more likely to be
causal. Such evidence, however, is seldom available in human populations.

Analogy The existence of an analogy (for example, if a drug causes birth defects, then
another drug could also have the same effect) could strengthen the belief
that an association is causal.

Source: Hill, 1965.

Figure 6. Bradford Hill criteria for causation (Hill 1965)

The studies in my dissertation do not meet the criteria for causality listed by Hill (1965). I use
the Birth to Twenty chapter as an example to assess the criteria for causality. The consistency of
the finding is limited as few studies exist on the long-term mental health impacts of prenatal
stress especially in prospectively designed birth cohort studies. The specificity of the relationship
is also rather weak as the prenatal stress measure includes a range of heterogeneous stressors
assessed by a crude “yes/no” response. The correlates of adolescent depression are multifaceted

and complex, and my analyses did not account for possible mediating factors between early
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stress exposure and the health outcome of interest, such as trajectories of socioeconomic status,

traumatic events and health promotive experiences, for example, between 0-18 in Birth to
Twenty. I also do not use experimental data or techniques in my studies, and there is a strong
possibility for an analogy between past traumas from apartheid and later-life mental health
consequences in children living through the post-independence and colonization era of South
Africa. Conversely, the strength of the prenatal stress variable is a discernable effect size, the
study design follows the temporal logic of the hypothesized pathway, the direction of the
gradient is logical and confirms our hypothesis, the finding is biologically plausible based on the
existing psychoneuroendocrinological literature, and the overall finding is coherent.

A number of extant concerns requires further critical reflection on the assumptions of
causality in this type of observation population-based research. This includes the politically
charged nature of the study of race, inequality, and biology, the risk of reductionism, and the
acritical public intake of scientific knowledge (Meloni 2016). Meloni (2016; 2017) highlights the
potential for an unintentional reproduction of a “biologized” and “molecularized” understanding
of race through the production of scientific research that, ironically, aims to dispel eugenic,
reductionist thinking and highlight the various social determinants and complexities of biological
function and human health. Truth claims of biomedical and scientific findings serve as double-
edge sword, leading to the production of “objective facts” and overzealous and inaccurate
applications of scientific research. Philosopher of science and indigenous scholar Laurie Ann
Whitt argues that the practice of “value-neutrality” allows for the work of reductionism to
manifest without challenge. Value-neutrality, a key component of Western scientific
epistemology claims that science is value-free, unaffected by extrinsic political, moral, ethical

values. This objective disposition instills in it a sense of purity and neutrality that seemingly
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grants it immunity to moral evaluation and an epistemological authority. In turn, the false

promise of objectivity deflects ethical and political critiques, allowing scientific knowledge to
perpetuate without challenge and consideration of other non-biomedical ways of knowing. With
the already reduced view of the social environment in the broader study of the developmental
origins of health and disease, psychoneuroendocrinology, and psychiatry, value-neutrality paves
a clear path for the harmful biopolitical possibilities to actualize.

The Birth to Twenty study is not devoid of this risk and responsibility. As previously
described, Soweto and non-White South Africans faced a long and difficult history of being the
focus of eugenic technologies and interventions, scientific racism, and ongoing research —
biological anthropologists in South Africa were both complicit and involved in perpetuating
these violent politics. Furthermore, an answer to the primary question of this dissertation —
whether and to what degree did intergenerational trauma from apartheid affect physical and
mental illness risk in children over their lifecourse — poses a wide range of possible social,
bio/political, and psychological consequences. These include issues of societal reckoning,
retraumatization in relation to past violence from apartheid and ongoing trauma, reparations,
health anxiety, and others. Moving forward, these considerations for causality will be further
integrated into my future work in an attempt to optimize the scientific rigour of my research but
also to engage with the internal and external politics of causality, science, and biology in this

study.

3) We need to think more critically about using biological evidence for reparative action.
Birth cohort findings on the biology of intergenerational trauma, particularly in the world

of behavioral epigenetics, have already made impressionable impacts in community forums,
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social institutions, and governments worldwide. Evidence for epigenetic transmission of trauma

was considered by The International Criminal Court (ICC) for reparations for war crimes against
Hema communities in the DRC (ICC 2017), and the California assembly passed a bill (ACR
177) to “encourage awareness that intergenerational trauma, which has been identified through
epigenetic study, may have an impact on the outcomes of certain citizens of California” (Jones-
Sawyer 2018). The social applications of this research, however, straddles a fine line between
positive social impact and negative bioethical implications.

For example, in the case of the epigenetic inheritance, the possibility that the embodiment
of impoverished or “toxic” environments (Lamoreaux 2020) could lead to durable changes in
genomic expression and epigenomic profiles may reinstantiate biologically reductionist and
eugenic thinking that “molecularizes” imagined social hierarchies (Meloni & Testa 2014;
Niewohner 2011). And in some cases, this research occurs among study populations who were
historically victims of social Darwinist ideology and scientific racism.

We have also seen both implicit and explicit victim blaming of research participants and
in particular, vulnerable mothers, who are painted as the scapegoat for poor child health
outcomes in a time where maternal exposures to trauma, teratogens, and poor nutrition are seen
as a major threat to future child development (Barker et al. 2013; Richardson et al. 2014).
Additionally, researchers have warned that the social malleability of hormonal and epigenetic
profiles may also introduce a potential “rebiologization” of race (Duster 2015; Meloni 2017).
While evidence for transgenerational epigenetic inheritance poses exciting opportunities for
ongoing initiatives that aim to hold past oppressive accountable for historical violence, further

research must be done before utilizing such information for reparative action.
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Nevertheless, emerging research on the biology of intergenerational trauma poses exciting and

unprecedented considerations on a wide array of cultural, political, ethical issues globally, and
birth cohort studies have become a vital technology through which such biosocial knowledge and
debates are being produced. Given the vast, ongoing legacies of structural violence and
neocolonialism and the dangerous epistemological authority of “objective” scientific knowledge
in public discourse, anthropologists and critical social scientists play a vital role in improving the
scientific formation and biosocial impacts of research intergenerational trauma, with the hopes of

improving societal well-being and facilitating intergenerational healing.
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predictors of depression in Cebu, Philippines: Investigating the mediating roles of the HPA axis and
DNA methylation. 2018 Human Biology Association meetings.

Kim, A.W. (2018). Evaluating Resilience in Urban South Africa: Mixed Methods Perspectives on
Psychometrics. 2017 Society for Applied Anthropology. Paper in panel titled “Measuring mental health
and resilience across cultures: reflections on mixed-methods approaches to scale development and
adaptation.” Panel organizer.

Kim, A.W., Borja, J., Kuzawa, C. (2018). Eatly life exposure to domestic violence and HPA axis function
independently predict adult depression in metropolitan Cebu, Philippines. Department of Anthropology
Prospective Students Symposium, Northwestern University.

Kim, A.W., McDade, T, Botja, J., Kuzawa, C. (2017). Evaluating the social buffering effects of social
support on the HPA axis and depressive symptoms in Cebu City, Philippines. 2017 American
Anthropological Association meetings.
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Kim, A.W., Smith, A., Wingo, A., Kilaru, V., Ressler, K. (2017). Methylation of SN.APCT is related to
resilience in a highly-traumatized Black Sample. 2017 Human Biology Association.

Kim, Y-K., Kim, A.W., Tiemeyer, T. (2011). GxE interaction on Drosgphila aggressive behavior. 2009
Behavior Genetics Association Annual Meeting. Minneapolis, Minnesota.

Kim, Y. K., Kim, A., & Tiemeyer, M. (2009). Social experience modulates Drosophila behavior and brain
function. Behavior Genetics, 39(6).

Professional Presentations with Published Abstracts

1.

10.

Kim. A.W., Nyengerai, T., Mendenhall, E. (2020). Evaluating the Mental Health Impacts of the COVID-
19 Pandemic in Urban South Africa: Perceived Risk of COVID-19 Infection and Childhood Trauma
Predict Adult Depressive Symptoms. Department of Psychiatry, University of the Witwatersrand.
Johannesburg, South Africa. 21 October 2020.

Kim. A.W., Nyengerai, T., Mendenhall, E. (2020). Evaluating the Mental Health Impacts of the COVID-
19 Pandemic in Urban South Africa: Perceived Risk of COVID-19 Infection and Childhood Trauma
Predict Adult Depressive Symptoms. Pharmaceutical & Technology Clinical Management Association.
Johannesburg, South Africa. 14 October 2020.

Kim. A.W., Nyengerai, T., Mendenhall, E. (2020). Evaluating the Mental Health Impacts of the COVID-
19 Pandemic in Urban South Africa: Perceived Risk of COVID-19 Infection and Childhood Trauma

Predict Adult Depressive Symptoms. Johannesburg Health District. Johannesburg, South Africa. 2
September 2020.

Kim. A.W., Nyengerai, T., Mendenhall, E. (2020). Evaluating the Mental Health Impacts of the COVID-
19 Pandemic in Urban South Africa: Perceived Risk of COVID-19 Infection and Childhood Trauma
Predict Adult Depressive Symptoms. South African Depression and Anxiety Group Counsellors’
Training. South African Depression and Anxiety Group. Johannesburg, South Africa. 7 August 2020.

Kim. A.W., Nyengerai, T., Mendenhall, E. (2020). Evaluating the Mental Health Impacts of the COVID-
19 Pandemic in Urban South Africa: Perceived Risk of COVID-19 Infection and Childhood Trauma
Predict Adult Depressive Symptoms. Internal Seminar. Health Economics and Epidemiology Research
Office (HE2RO), University of the Witwatersrand. Johannesburg, South Africa. 18 February 2020.

Kim. A.W. (2019). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
South Africa. Internal Seminar. Health Economics and Epidemiology Research Office (HE2RO),
University of the Witwatersrand. Johannesburg, South Africa. 18 February 2020.

Kim. A.W. (2019). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
South Africa. Internal Seminar. National Center for Global Health and Medicine. Tokyo, Japan. 16
December 2019.

Kim. A.W. (2019). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
South Africa. Internal Seminar. Historical Trauma and Transformation Unit, Stellenbosch University.
Stellenbosch, South Aftrica. 27 November 2019.

Kim, A.W. (2019). The Biology of Trauma. South African Depression and Anxiety Group Counsellors’
Training. South African Depression and Anxiety Group. Johannesburg, South Africa. 26 October 2019.

Kim, A.W. (2019). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
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South Africa. Internal Seminar. Center for the Study on Violence and Reconciliation. Johannesburg,
South Africa. 15 October 2019.

Kim, A.W. (2018). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
South Africa. Human Development Lab Brown Bag Series, School of Education and Social Policy,
Northwestern University. 10 May 2019.

Kim, A.W. (2018). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
South Africa. AfriSem, Program of African Studies, Northwestern University. 18 April 2019.

Kim, A.W., Ryan, C.P., Botja, J., McDade, T.W., Kuzawa, C.W. (2018). Eatly life social experiences as
predictors of depression in Cebu, Philippines: Investigating the mediating roles of the HPA axis and
DNA methylation. Population Health Forum/Global Health Day, Northwestern University Institute for
Public Health and Medicine, 4 December 2018.

Kim, A.W. (2018). Biological memories of apartheid: Evaluating the intergenerational effects of
apartheid-based prenatal stress on birth outcomes, HPA axis function, and mental health in Soweto,
South Africa. Prospectus defense. Department of Anthropology, Northwestern University. 26 October
2018.

Kim, A.W., Ryan, C.P., Botja, ]., McDade, T.W., Kuzawa, C.W. (2018). Eatly life social experiences as
predictors of depression in Cebu, Philippines: Investigating the mediating roles of the HPA axis and
DNA methylation. Developmental Pathways for Health Research Unit Postgraduate Journal Club,
Soweto, South Africa, 7 August 2018.

Andrew W. Kim, Varun Kilaru, Karen N. Conneely, Elisabeth B. Binder, Sasha E. Parets, Kerry J.
Ressler, Alicia K. Smith, “Tobacco smoking-related DNA methylation patterns: A replication study,”
Creativity in the Arts & Sciences Event — HHMI-UF Science for Life, Gainesville, FL, January 2013.
Kim, A.W, Kim, Y-K., Anderson, W.A. “Epigenetic interactions influence Drosophila brain function and
aggressive behavior,” Creativity in the Arts & Sciences Event — HHMI-UF Science for Life, Gainesville,
FL, 22 January 2012.

Kim, A.W, Kim, Y-K, Anderson, W.A, “Gene x Environmental interactions influence Drosgphila brain
function and aggressive behavior,” Stockholm International Youth Science Seminar, 2011 Nobel Prize
Ceremony, Stockholm, Sweden, 7 December 2011.

Kim, A.W, Kilaru, V., Conneely, K.N., Binder, E. B., Parets, S.E., Ressler, K.J., Smith, A.K. “Tobacco
smoking-related DNA methylation patterns: A replication study,” Scholarly Inquiry and Research at
Emory Undergraduate Research Symposium, Atlanta, GA, 24 April 2012.

Kim, A.W, Kim, Y-K, Anderson, W.A, “Gene x Environmental interactions influence Drosgphila brain

function and aggressive behavior,” 2011 Intel International Science and Engineering Fair, Society for
Science & the Public, Los Angeles, CA, 14 May 2011

Kim, A.W, Kim, Y-K, Anderson, W.A, “Social experience modulates Drosophila aggressive behavior,”
2010 Intel International Science and Engineering Fair, Society for Science & the Public, San Jose, CA, 7
May 2010

Teaching experience

1.

Teaching assistant to Dr. Thomas McDade, Northwestern University, Evanston, IL, Spring 2019, “Social
and Health Inequalities” — ANTHRO221
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2. Teaching assistant to Dr. Peter Locke, Northwestern University, Evanston, 1L, Winter 2019,
“Introduction to International Public Health” — GH310 (two weekly 50-minute sections)

3. Teaching assistant to Dr. Christopher Kuzawa, Northwestern University, Evanston, 1L, Fall 2018,
“Evolutionary Medicine” — ANTH390

4. Co-teacher, Freedom University, Atlanta, GA, Fall 2013-Spring 2015, SAT and college preparation
classes

5. Teaching assistant to Hilary King and Dr. Peggy Batlett, Emory University, Atlanta, GA, Fall 2013,
“Sustainable Food Fair” — ANT386

6. Instructor, Emory University, Atlanta, GA, Fall 2012, “It’s Your Health” — HLTH100

Guest lectures

1. Guest lecture, Promises & Perils: The Social Reality of Biology, Dr. Marcelo Vinces, Program of
Biological Sciences, Northwestern University, 19 October 2020.

2. Guest lecture, The Politics of Health Crises: The Life Healthcare Esidimeni Tragedy, Dr. Lorena Nufiez
Carrasco, “The Sociology of Health and Illness”, University of the Witwatersrand, 14 May 2020.

3. Guest lecture, Theorizing Culture and Mental Health, Dr. Lorena Nufiez Carrasco, “The Sociology of
Health and Illness”, University of the Witwatersrand, 2 April 2020.

4. Guest lecture, Promises & Perils: The Social Reality of Biology, Dr. Matcelo Vinces, Program of
Biological Sciences, Northwestern University, 17 May 2019.

Mentorship

Research lead, South African Depression and Anxiety Group Research Group. (August 2019-March 2021).
e Organized needs assessment of mental health and healthcare among adults in Gauteng Province
before and during the COVID-19 pandemic
e Coordinated evaluation of 24/7 counselling call center through qualitative research
e Led weekly trainings, meetings, and activities with research volunteers applying for Master’s and PhD
programs

Organizer, “Navigating the application process and graduate school experiences,” Panel discussion for Mellon
Mays Undergraduate Fellows at Northwestern University. 25 April 2018.

Graduate mentor for undergraduate thesis, Jennah Thompson-Vazquez, biological anthropology
undergraduate student (2016-2017)

e Mellon Mays Undergraduate Fellow, Northwestern University

Graduate mentor for undergraduate thesis, De’Sean Weber, cultural anthropology undergraduate student
(2016-2017)

e  Oswald Werner Prize for Distinguished Honors Thesis in Anthropology awardee
e Emerson National Hunger Fellow, Congressional Hunger Center

Research experience

Department of Anthropology, Northwestern University, Dr. Chris Kuzawa & Dr. Shane Norris
e Studying the biological mechanisms and intergenerational effects of apartheid-based stress and
trauma on physical and mental health in Soweto, South Aftrica
e  Hvaluating the impacts of prenatal stress on fetal growth trajectories and birth outcomes from a life-
history perspective
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Developmental Pathways for Health Research Unit, Dr. Emily Mendenhall & Dr. Shane Nozris

e Studying the social experience of co-morbidities among patients at Chris Hani Baragwanath Hospital
in Soweto, South Africa

e Examining “idioms of resilience” among co-morbid cancer patients

Farmworker Justice, Congtessional Hunger Center
e  Published white paper on food insecurity in farmworker communities nationwide
e Wrote memos, blogs, and tracked media updates for policy advocacy

Hunger Free Colorado, Congressional Hunger Center
e Conducted community food assessment to understand hunger and food insecurity and provide
recommendations to improve food security in the La Alma-Lincoln Park neighborhood of Denver,
Colorado
e Conducted surveys, interviews, focus groups, and literature reviews to identify availability of, barriers
to, and utilization of food; coping mechanisms; and community-based solutions to addressing hunger
and food insecurity

Violence Against Children Study, Centers for Disease Control and Prevention, Drs. Howard Kress and James
Mercy
e Conducted literature reviews on best methods to quantify food insecurity and its effects on violence
and mental health, and household economic status in low- and middle-income countries

Department of Anthropology, Emory University, Drs. Craig Hadley and Bonnie Kaiser
e Conducted research on the risk and protective factors affecting mental illness in rural Haiti
e Summer field research collecting and analyzing survey data and biomarkers in Mirebalais, Haiti
e Enrolled in intensive Haitian Creole language course for four months
e Presented research findings at the Emory SIRE research symposium; received 20 place best
presenter award

Hubert Department of Global Health, Rollins School of Public Health, Emory University Dr. Juan Leon
e Created surveys in Spanish to study the nutritional and immunological factors of the rotavirus in
Bolivia
e Entered and analyzed data from surveys to create recommendations for future directions

e Managed visiting Brazilian medical students in researching and drafting policy briefs for the Brazilian
Ministry of Health

Yerkes Primate Research Center, Behavioral Neuroscience and Psychiatric Disorders, Emory School of
Medicine, Dr. Larry Young
e Studied the natural genotypic variation of the oxytocin receptor and its role on pair-bonding and
parenting behavior in prairie voles

Grady Trauma Project, Department of Psychiatry and Behavioral Sciences, Emory School of Medicine-Grady
Memorial Hospital & Atlanta Veterans Affairs Medical Center, Dr. Kerry Ressler, Dr. Alicia Smith, Dr. Aliza
Wingo
e Conducted extensive psychological screens on patients to study the genetic-environmental factors
that affect PTSD in the inner-city Atlanta population
e Created multivariate models to study the effects of child abuse on adult resilience and mediating
effect of methylation
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Department of Clinical Pharmacy, University of Georgia, Drs. Brad Phillips & Rob Meagher

e Designed a protocol to preserve DNA profile of CD4+ white blood cells in frozen whole blood
samples

Laboratory of Psychiatric Genetics and Epigenetics, Department of Psychiatry and Behavioral Sciences,
Emory School of Medicine, Dr. Alicia Smith
e Conducted research on epigenetic profile of smokers and the mentally-ill
e Co-authored a chapter on the Epigenetics of Psychopathology
e Presented research findings at the Emory SIRE research symposium; nominated for best presenter in
the Natural Sciences category

Department of Genetics, University of Georgia, Dr. Wyatt Anderson

e Conducted independent research on the gene x environment (GxE) factors that influence Drosophila
aggressive behavior and brain function

Department of Biochemistry and Molecular Biology, Complex Carbohydrate Research Center, University of
Georgia, Dr. Michael Pierce
e Studied the role of glycosyltransferases (GnT-Va) and galectins on prostate cancer cell-cell adhesion
and metastasis

Consulting

Evaluator, South African Depression and Anxiety Group, September 2020
Qualitative Researcher, Chicago Youth Ideas Festival, October 2018

Service

Ad hoc peer reviewer: Annals of Human Biology (2), BMC Psychiatry (4), European Journal of
Psychotraumatology, JMIR Cancer, Medical Anthropology Quarterly, Psychitria Danubina (2),
Psychoneuroendocrinology (2), Social and Health Sciences, Social Science & Medicine (3), Journal of the
International AIDS Society

Chair, Diversity Committee, Department of Anthropology, Northwestern University, Fall 2016-Spring 2017

Co-founder, Freedom at Emory University
e Led coalition of student organizations, alumni groups, academic departments, and community
organizations to amend admissions and financial aid policies to provide need-based financial aid for
undocumented students at Emory University.

Media Coverage

1. Scientific American — Arabic Version. https://www.scientificamerican.com/arabic/atticles/news/
warnings-about-danger-of-covid-19-on-mental-health/. 11 November 2020. Article.

2. Health24. Lockdown, pandemic effects: Soweto study re-emphasises need for better access to mental
healthcare. https://www.health24.com/medical/infectious-diseases/coronavirus/lockdown-pandemic-
effects-soweto-study-re-emphasises-need-for-better-access-to-mental-healthcare-20201027-3.

3. Cambridge University Press. Fear of COVID-19 raises risk of depression among Soweto's deprived
communities. Press Release. Syndicated in Healio, Medjcal Xpress
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The Lancet Digital Health. Africa turns to telemedicine to close mental health gap. 1 November 2020.
News article. https://www.thelancet.com/journals/landig/article /P11S2589-7500(20)30252-
1/fulltext#%20.
Radio 702 — Afternoon Drive with Joanne Joseph. COVID-19 has changed the way SA’s only toll-free
mental health helpline works. Here’s why it matters. 11 August 2020. Radio interview.
https://www.702.co.za/podcasts /196 / the-best-of-afternoon-drive-with-joanne-joseph /349175 /covid-
19-has-changed-the-way-sas-only-toll-free-mental-health-helpline-works-heres-why-it-matters.
Bhekisisa Centre for Health Journalism. COVID-19 has changed the way South Africa’s only toll-free
mental health helpline works. Here’s why it matters. 11 August 2020. Opinion article.
https://bhekisisa.org/article/2020-08-11-covid19-mental-health-south-africa-telemedicine-depression-
anxiety-group/. Syndicated in The Daily Maverick.
GauTV — Daughters of Destiny. Biology of Gender-Based Violence. 1 November 2019.
ScienceDaily. Humans and others exposed to prenatal stress have high stress levels after birth. 10 April
2018. https://www.sciencedaily.com/releases/2018/04/180410161135.htm
The Atlanta Journal Constitution. Emory to help immigrant students. 18 April 2015.
http://www.ajc.com/news/local-education/emory-help-immigrant-
students/YuPL]vyedVhzQtBY8dHal|
WABE - NPR's Local Atlanta Radio Station. Emory To Offer Financial Aid To Some
Undocumented Students. 3 April 2015. https://www.wabe.org/emory-offer-financial-aid-some-
undocumented-students/

Professional Associations

Human Biology Association

Society for Applied Anthropology
American Anthropological Association
Society for Psychological Anthropology
Society for Research in Child Development

Skills

Language: Spanish (intermediate), Korean (intermediate), isiZulu (beginner), Haitian Kreyol (beginner)
Statistical packages: Stata, R, HLM7, Dedoose, Excel
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