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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 political violence during apartheid. Growing evidence suggests that in
utero stress exposure is a potent developmental risk factor for future mental illness risk, yet the extent to which the
psychiatric effects of prenatal stress impact the next generation are unknown. We evaluate the intergenerational
effects of prenatal stress experienced during apartheid on psychiatric morbidity among children at ages 17–18 and
also assess the moderating effects of maternal age, social support, and past household adversity. Methods:
Participants come from Birth-to-Twenty, a longitudinal birth cohort study in Soweto-Johannesburg, South Africa’s
largest peri-urban township which was the epicentre of violent repression and resistance during the final years of the
apartheid regime. Pregnant women were prospectively enrolled in 1990 and completed questionnaires assessing
social experiences, and their children’s psychiatric morbidity were assessed at ages 17–18. Results: Full data were
available from 304 mother–child pairs in 2007–8. Maternal prenatal stress in 1990 was not directly associated
greater psychiatric morbidity during at ages 17–18. Maternal age and past household adversity moderated the
intergenerational mental health effects of prenatal stress such that children born to younger mothers and late
adolescent/young adult children experiencing greater household adversity exhibited worse psychiatric morbidity at
ages 17–18. Social support did not buffer against the long-term psychiatric impacts of prenatal stress. Conclusions:
Greater prenatal stress from apartheid predicted adverse psychiatric outcomes among children born to younger
mothers and adolescents/young adults who experienced greater concurrent stress. Our findings suggest that
prenatal stress may affect adolescent mental health, have stress-sensitising effects, and represent possible
intergenerational effects of trauma experienced under apartheid in this sample. Keywords: Prenatal stress;
psychiatric morbidity; stress sensitization; late adolescence; young adulthood; South Africa.

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 treat-
ment is poor: the treatment gap for mental disorders,
epilepsy, and intellectual disability in South Africa is
approximately 92% (Docrat, Besada, Cleary, Davi-
aud, & Lund, 2019). The current state of public
mental health in South Africa is foregrounded by a
long and recent history of institutionalised White

supremacist policies implemented during the apart-
heid regime (c. 1948–1994). This period was char-
acterised by systematic disenfranchisement of non-
White communities through various modes of social,
economic, and political oppression (Beinart, 2001).
Despite the legislative end of apartheid policies and
the birth of a new democracy in 1994, South African
society continues to be plagued by the persistent
societal institutions of apartheid, including chronic
poverty (Gibbs, Jewkes, Willan, & Washing-
ton, 2018), discrimination (Williams et al., 2008),
and racialised class inequality (Adjaye-Gbewonyo,
Avendano, Subramanian, & Kawachi, 2016), all of
which are known risk factors for psychiatric disor-
ders (Allen, Balfour, Bell, & Marmot, 2014; Moomal
et al., 2009; Myer et al., 2008).
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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 psychological effects that con-
tinue to influence socio-emotional behaviour and
mental health across the lifecourse. Growing evi-
dence from the fetal origins of health and disease
framework shows that past stress and trauma
exposures, particularly those that occur during
gestation, can increase future risk of psychiatric
disease, such as externalising disorders (Betts, Wil-
liams, Najman, & Alati, 2015; MacKinnon, Kings-
bury, Mahedy, Evans, & Colman, 2018; Rice
et al., 2010) and internalising disorders (Betts
et al., 2015; Davis et al., 2020; O’Donnell
et al., 2014) in children and adolescents. While the
majority of analyses on the intergenerational mental
health effects of prenatal stress have come from
samples in high-income, Western contexts, a grow-
ing number of studies have detected intergenera-
tional psychological signatures of maternal prenatal
stress exposure in low- and middle-income settings,
such as samples in Brazil (Serpeloni et al., 2019),
Ethiopia (Isaksson, Deyessa, Berhane, &
H€ogberg, 2017), Nicaragua (Isaksson, Lindblad, Val-
ladares, & H€ogberg, 2015), and South Africa (Ram-
chandani, Richter, Norris, & Stein, 2010). These
studies have found direct relationships between
greater levels of maternal prenatal stress and poor
mental health among children and adolescents in
the next generation.

The long-term impacts of prenatal stress are
hypothesised to shape adult psychiatric risk by
altering the development and function of various
stress regulatory mechanisms in humans, including
the immune system, cardiovascular system, neuro-
biological function, neuroendocrine mechanisms,
and psychological pathways (Barker, 1999; Gluck-
man & Hanson, 2004; Heim, Entringer, &
Buss, 2019; Kuzawa & Kim, 2022; Taylor, 2010;
Weinstock, 2008). 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 inher-
itance, such as through the allelic variations in
neurotransmission and neuroendocrine related
genes, and epigenetic variation (McKenna, Hammen,
& Brennan, 2021; Oberlander et al., 2008; Thayer,
Wilson, Kim, & Jaeggi, 2018). 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 and
longer-term disease. Prenatal stress-linked alter-
ation of stress physiological mechanisms has

consistently been reported as both a prospective risk
factor and cross-sectional neuropsychiatric pheno-
type of later-life psychiatric morbidity in the next
generation (Davis et al., 2020; McKenna et al., 2021;
Zohsel et al., 2014).

Recent evidence has suggested that prenatal stress
exposuremayalso increase sensitisation to the effects
of future postnatal stressors and elevate mental
illness risk.Thestress sensitisationhypothesis (Ham-
men, Henry, &Daley, 2000) proposes that the risk for
adult mental illness following stressful life events is
higher among individuals with a history of postnatal
developmental trauma than among individuals with-
out a history of developmental trauma. Growing
research has extended this hypothesis to suggest that
greater prenatal stress sensitises or potentiates
future reactions to stress across infancy to young
adulthood (Entringer, Khumsta, Hellhammer, Wad-
hwa, & Wust, 2009; Gutteling, de Weerth, & Buite-
laar, 2005; Ping et al., 2020; Tollenaar, Beijers,
Jansen, Riksen-Walraven, & De Weerth, 2011), and
early evidence shows that prenatal stress-induced
stress sensitisation is associated with elevated psy-
chiatric disease risk in adolescents (Ping et al., 2020).
Although the mechanisms of stress sensitisation are
still unknown, early evidence suggest that prenatal
stressmay potentiate the future impacts of stress and
trauma due to alterations in the reactivity of stress-
sensitive behavioural and physiologicalmechanisms,
which may underlie the development of worse adult
psychiatric outcomes (Hentges,Graham,Plamondon,
Tough, &Madigan, 2019; Huizink &De Rooij, 2018).
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;
Zijlmans et al., 2015), few studies have examined the
mental health impacts of prenatal stress into late
adolescence and adulthood (Betts et al., 2015;
Entringer et al., 2009) and also evaluated the poten-
tial stress sensitisation effects of prenatal stress (Koss
&Gunnar, 2018; Ping et al., 2020; Zijlmans, Riksen-
Walraven, & de Weerth, 2015).

Finally, greater maternal social support, or the
psychological and material resources provided by
social relationships to help mothers cope with stress
(Cohen & Wills, 1985), may buffer against the poor
mental health effects of psychosocial stress (Cruwys
et al., 2013). Social support may increase a mother’s
capacity to effectively process and overcome stress-
ful experiences by providing temporary relief from
taxing physical and social demands, preventing
adverse health behaviours, and obtaining new
resources, whether physical, financial, or emotional
(Adamakos et al., 1986). Past research has found
that maternal social support during pregnancy may
also buffer against the potential long-term psycho-
logical consequences of prenatal stress in the next
generation (Graignic-Philippe, Dayan, Chokron, Jac-
quet, & Tordjman, 2014; Tak�acs, �Stipl, Gartstein,
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Putnam, & Monk, 2021). The possible buffering
effects of maternal prenatal social support against
the long-term psychological impacts of prenatal
stress in the next generation, especially after
infancy, is not well-known.

This emerging evidence suggests that some propor-
tion of the mental health burden of current popula-
tions could reflect the lingering biological imprint of
past traumatic experience during gestation
(Barker, 1999; Krontira, Cruceanu, & Binder, 2020;
Kuzawa& Sweet, 2009). South Africa’s recent history
and the country’s tumultuous transition into democ-
racy raise the question of whether the traumas of
apartheid may continue to have lasting effects, influ-
encing risk for psychiatric morbidity across genera-
tions (Adonis, 2016; Kim, 2020; Stevens, Eagle,
Kaminer, & Higson-Smith, 2013). It furthermore
raises the questions of which individuals face greater
risks of the long-term mental health impacts of
prenatal stress and whether certain experiences or
resources may buffer or protect against these effects,
opening opportunities for targeted groups 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 hypoth-
esis and its contribution to mental health. Further-
more, 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 et al., 2007;
Vigo, Thornicroft, & Atun, 2016).

This study examines the long-term impacts of
prenatal stress and trauma from South African
apartheid on psychiatric morbidity during late ado-
lescence/early adulthood. We also assess the role of
younger maternal age as a potential risk factor for
exacerbating the intergenerational mental health
effects of trauma as well as the possible buffering
role of social support against the long-term effects of
prenatal stress. And finally, we aim to test the stress
sensitisation hypothesis by assessing whether pre-
natal stress potentiates the future psychiatric
impacts of postnatal stress exposure during late
adolescence and early adulthood. We hypothesise
that: (a) greater prenatal stress will be associated
with worse psychiatric morbidity at ages 17–18, (b)
greater social support will buffer against the effects
of prenatal stress and predict lower psychiatric
morbidity, (c) the intergenerational mental health
effects of prenatal stress will be greater among
children born to younger mothers, and (d) prenatal
stress will potentiate the psychiatric effects of later-
life adversity among children at ages 17–18. Adoles-
cence is an important period in the development of
future mental illness as most psychiatric conditions
emerge during this stage (Breslau et al., 2017; Patel
et al., 2007) and because adolescent psychiatric

disease is a major risk factor for future adult mental
illness (Pine, Cohen, Gurley, Brook, & Ma, 1998;
Sawyer et al., 2012). The recent history of apartheid,
high rates of mental illness, and low rates of health-
care access emphasise the need to elucidate possible
mechanisms underlying the intergenerational men-
tal health effects of prenatal trauma in order to
improve public mental health in South Africa.

We include two operational definitions of ‘prenatal
stress’ and ‘stressful life events’ here to clarify the
meanings of these concepts in our analysis. ‘Prenatal
stress’ refers to the collection of adverse events,
psychosocial stress, and trauma that mothers faced
during pregnancy in 1990. We also use ‘prenatal
stress exposure’ or ‘intergenerational trauma’ in our
manuscript in order to keep consistent with the
larger literature on prenatal stress, which uses these
terms interchangeably. ‘Stressful life events’ refers to
the collection of adverse events, psychosocial stress,
and trauma that individuals are exposed to across
the lifecourse during postnatal development.

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 Coun-
cil with the aim to assess the impacts of rapid urbanisation
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.

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, Norris, & Gins-
burg, 2006). In late 1989, BT20+ began surveying pregnant
women in public antenatal clinics to identify potential partic-
ipants whose births would fall within the enrollment period.
Enrolled Bt20+ neonates were cross-checked with all govern-
ment 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 3,273 singleton children were enrolled in Bt20+
and 72% of the initial cohort continued to participate in the
study after 17 years (Norris, Richter, & Fleetwood, 2007). The
cohort is roughly representative of longer-term residents of the
metropolitan Soweto- Johannesburg region. Currently, the
cohort underrepresents White children due to cohort enroll-
ment taking place in public health facilities; White families
were more likely to utilise 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
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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.

Antenatal surveys were conducted by seven trained, multi-
lingual interviewers. The process of testing survey instruments
before and during a data collection wave around the survey
instruments were 3-fold: (i) The survey instruments were
piloted by the data collection team of experienced fieldworkers,
nurses and coordinators – all local to the study area – using a
convenient sample of non-Bt20+ participants to examine the
language and understanding; (ii) Following the pilot, an
extensive debrief workshop was conducted whereby every
single survey item was discussed, understandings clarified,
challenging words/sentences/concepts translated into isiZulu
and seSotho and verified, and then tested again with another
convenient sample; and thereafter; (iii) Detailed Standard
Operating Procedures, guidelines and translated material were
drawn up, and the first 50 Bt20+ participants were seen as a
study pilot group for finalisation of survey items, procedures
and supporting data collection documents. All data collection
staff were very familiar with the study setting and conversant
in at least 4 languages. Through this process, we aimed to
improve reliability and reduce interviewer influence/bias. The
majority of surveys were conducted in antenatal services, with
a quarter conducted at home. Zulu, Sotho and English were
the most common languages used. Adolescents were surveyed
in a research facility at the Chris Hani-Baragwanath Hospital
in Soweto and at home.

Before the full sample was achieved, 1,594 women were
surveyed during their third trimester about their pregnancy,
social experience, and household conditions. Of the initial
1,594 women, 1,051 women (65.9%) completed all of the
remaining prenatal stress questions. In 2007, when the
outcome measure was assessed among adolescents in the
next generation, 407 of the initial 1,051 mothers participated
in the follow up wave. The movement of individuals, name and
address changes, and mortality were the main reasons for lost
to follow-up in this sample (Norris et al., 2007).

Prenatal stress and social support

Prenatal stress exposure (G1) during the third trimester of
pregnancy was collected using a 16-item scale (a = 0.64),
adapted from Bluen and Odesnik (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). Scores were then summed to create an
overall measure of prenatal stress that ranged from 0 to 14.

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, which ranged from 0 to 4.

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 opera-
tionalised 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. Birth-
weight (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 standardised assets scores from both
years of data collection.

Household stressful life events

The occurrence of stressful life events in the household was
assessed across two timescales, 6 months (i.e. “recent stress”)
and 12months (i.e. “past stress”), 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 compos-
ite measure of household stress that occurred during the past 6
months (recent stress), which included death of a sibling,
parent, and other family member (three separate questions),
divorce, index child changing schools, a serious illness or
hospitalisation experienced by the index child, caregiver, and
family member (three separate questions), marital separation,
increase in arguments with partner, caregiver separation from
family for 2 weeks or more, a child leaving home, and unem-
ployment. Additionally, six life events that occurred in the last
year were summed to create a separate composite measure,
which assessed whether any member of the household experi-
enced robbery, harassment, threats, sexual molestation, and
physical violence (past stress).

General Health Questionnaire (GHQ-28)

The General Health Questionnaire (GHQ-28) is a 28-item
psychological screener that provides a measure of psychiatric
morbidity based on four 7-item scales: somatic symptoms,
anxiety and insomnia, social dysfunction, and severe depres-
sion (Goldberg & Hillier, 1979). It assesses changes in mood,
feelings, and behaviours during the past 4 weeks. The respon-
dent 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. The internal reliability of the GHQ-28 in
this sample was high (a = 0.91).

Statistical analyses

All analyses were conducted using version 15.1 of Stata (Stata
Corporation, College Station, TX, USA). Survey data were
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managed in the REDCap online management system. All
variables were examined for outliers using descriptive statis-
tics, visual tools including box and scatter plots, and percent-
age analysis. Bivariate analyses were conducted between
prenatal stress, psychiatric morbidity at ages 17-18, and
covariates. Covariates were included based on a priori knowl-
edge of social, biological, and obstetric risk factors that may
potentially confound the relationship between prenatal stress
and later-life psychiatric morbidity (De Mola, De Franc�a, de
Avila Quevedo, & Horta, 2014; Entringer et al., 2009;
O’Donnell et al., 2013). The following variables were consid-
ered for inclusion as confounding factors: maternal age,
maternal education, marital status, gravidity, tobacco use,
and alcohol consumption during pregnancy, household den-
sity (ratio of the number of inhabitants to the number of rooms
available for sleeping), social support, and child gender
(p > .10). Adjusted birthweight 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/early adult psychiatric
morbidity. Adjusted birthweight was created by regressing
birthweight on gestational age to create standardised residu-
als.

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 .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, adjusted birth-
weight, gestational age, maternal age, recent stress, past
stress, and maternal GHQ in 2007 (Figure 1). Multiple ordi-
nary least squares (OLS) regressions 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, adjusted birthweight, recent stress, past stress,
and maternal psychiatric morbidity (p > .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 < .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 with
excluded group.

Results
In our sample of 304 mothers and adolescent pairs,
the average number of traumatic events experienced
within the past 6 months of the survey 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, beha-
vioural, and environmental factors that predict psy-
chiatric morbidity during late adolescence. The
unadjusted model (Model 1) predicting GHQ scores
on prenatal stress was positive although not signif-
icant (b = 0.53, p = .17, 95% CI, �0.22 to 1.3). Fully
adjusted models found that prenatal stress was not
significantly associated with psychiatric morbidity
during late adolescent and early adulthood (Model
2). Gender was a significant predictor of psychiatric
morbidity, where young men displayed lower mental
health symptoms (b = �5.8, p < .001, 95% CI, �8.7
to �2.9). Gravidity, adjusted birthweight, and recent
stress were significantly associated with psychiatric
morbidity at the p < .1 level. Higher gravidity pre-
dicted lower psychiatric morbidity, while adjusted
birthweight and recent stress were both directly
associated with greater psychiatric morbidity.

Testing moderators of the prenatal stress-later life
psychiatric morbidity pathway

We next assessed potential moderators of the
relationship between prenatal stress and future psy-
chiatric morbidity in the index generation: social
support, maternal age recent and past stress. To
explore the possible effects of positive maternal social
environments during pregnancy in ameliorating the
long-termmentalhealth impactsofprenatalstress,we
evaluated the effect of an interaction between social
support and prenatal stress on psychiatricmorbidity.
Results reported a non-significant interaction
between social support and prenatal stress (Model 3:
b = �0.092,p = .836, 95%CI,�0.97 to0.79).Model 4
reports a negative and significant interaction between

Year Variable(s)
1990

(n = 1051)
Mother Child

Population group, age, 
educational attainment, 

household density, 
household assets, 

alcohol use, tobacco 
use, marital status, 

prenatal trauma 
exposure, prenatal 

social support

Birthweight, gestational 
age, gender

2007
(n = 304)

Psychiatric morbidity 
(GHQ-28)

Psychiatric morbidity 
(GHQ-28), recent stress
(within 6 months), past 
stress (within last year)

Figure 1 Timeline of study variables
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maternal age and prenatal stress severity (b = �0.17,
p = .008, 95% CI, �0.29 to�0.044), showing that the
adverse psychiatric effects of prenatal stress are
stronger in children with younger mothers (Figure 2).
Finally, to assess the stress-sensitisation hypothesis,
we evaluated the interaction between prenatal stress
andbothmeasuresofhouseholdstress fromthepast6
and 12 months. Our results reported a non-
significant interaction between prenatal stress and
recent household stress from the past 6 months
(b = �0.027, p = .951, 95% CI, �0.90 to 0.84) and a
significant interaction between prenatal stress and
past household stress from the past year (Model 5:
b = 1.19, p = .0343, 95% CI, 0.089 to 2.3) (Figure 3).
The effect of prenatal stress on late adolescent and
early adult psychiatric morbidity was stronger in
index children living inhouseholdswith greater stress
and trauma exposure.

Discussion
In this longitudinal study of the intergenerational
mental health impacts of prenatal stress in South
Africa, we find that prenatal stress exposure during
apartheid is not directly associated with greater

psychiatric morbidity during late adolescence, 17–
18 years after the timing of their fetal stress expo-
sure. Social support did not moderate the associa-
tion between prenatal stress and psychiatric
outcomes. Maternal age and past household adver-
sity, however, significantly moderated the intergen-
erational mental health effects of prenatal stress
such that children born to younger mothers and late
adolescent/young adult children experiencing
greater household adversity in the past year exhib-
ited worse psychiatric morbidity at ages 17–18.
These patterns remained statistically significant
after controlling for key demographic, social, and
biological characteristics. Our findings provide early
evidence that fetal development may be an important
sensitive period for future psychiatric disease risk
among children experiencing psychosocial stress
during late adolescence and young adulthood. Our
results also suggest that prenatal stress may sensi-
tise children to the psychological sequelae of stress
exposure later in life, representing one possible
mechanism underlying the long-term developmental
effects of prenatal stress exposure. Overall, we find
that prenatal stress is associated with greater vul-
nerability to the adverse psychological impacts of

Table 1 Demographic characteristics, prenatal conditions, and psychiatric morbidity

Variables

Total (n = 304) Female (n = 161) Male (n = 143)

N Mean N Mean N Mean

Demographics
Population Group (‘Race’)
Black 270 145 125
Coloured 31 15 16
Indian 3 1 2

Maternal age (at enrollment) 25.5 (6.0) 25.3 (5.7) 25.6 (6.3)
Maternal educational attainment (% attended)
No school or primary school 33 13 20
Secondary school 244 136 108
Professional/teaching/university 27 12 15

Household density (people/room) 3.5 (1.7) 3.5 (1.9) 3.5 (1.6)
Household assets at 1990 3.9 (1.7) 3.9 (1.6) 3.9 (1.7)
Household assets at 2006 6.6 (2.4) 6.8 (2.4) 6.4 (2.4)
Maternal alcohol use in 1990
Never 285 150 135
Few times a year 11 6 6
Once a month or more 8 5 2

Maternal tobacco use in 1990
Not at all 268 148 120
Occasionally 13 5 8
Daily 23 8 15

Marital status
Married/Partnered 90 39 51
Single/Widowed 214 122 92

Birthweight (g) 3149.2 (443.8) 3129.3 (447.2) 3171.7 (440.5)
Low birthweight (<2,500 g) 20 2262.3 (292.8) 11 2253.2 (385.2) 13 2343.1 (154.2)

Gestational age (weeks) 38.3 (1.2) 38.4 (1.2) 38.3 (1.3)
Preterm birth (<37 weeks) 17 35.5 (1.3) 8 35.5 (1.4) 9 35.4 (1.3)

Psychological status
Maternal stressful events in 1990 2.4 (1.9) 2.4 (1.9) 2.5 (1.9)
Maternal social support in 1990 2.8 (0.9) 2.8 (0.8) 2.9 (1.0)
Child General Health Questionnaire (score) 45.2 (12.7) 47.9 (13.8) 42.1 (10.7)
High psychological risk (≥51) 74 63.3 (11.9) 55 63.2 (12.3) 20 63.1 (11.2)

Maternal General Health Questionnaire in 2007 (score) 47.5 (13.2) 45.5 (10.3) 49.8 (15.5)
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future stressors during late adolescence and young
adulthood. These data shed light on the potential
fetal origins of late adolescent mental health and the
intergenerational effects of trauma from the period of
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.

Predictors of late adolescent/young adult psychiatric
morbidity and moderators of the prenatal stress-
later life psychiatric morbidity pathway

The finding that greater prenatal stress is not related
to future psychiatric morbidity is not consistent with
the growing literature on the fetal origins of later life

psychopathology, which generally reports a direct
relationship between prenatal stress and later-life
psychiatric morbidity (Abbott, Gumusoglu, Bittle,
Beversdorf, & Stevens, 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,
Murphy, & Ellman, 2019; McQuaid, Darcey, Avalos,
Fishbein, & VanMeter, 2019; Van den Bergh, Van
Calster, Smits, Van Huffel, & Lagae, 2008). Studies
examining the associations between maternal
prenatal stress and psychiatric morbidity in late
adolescence and early adulthood are very lim-
ited (Betts et al., 2015; Entringer et al., 2009), and
the patterns remain inconclusive. The long-term,

Table 2 Multiple regression models of prenatal stress predicting adolescent psychiatric morbidity with covariates

Model 1 Model 2

Prenatal stress (count) 0.5 � 0.4 0.6 � 0.4
Gender (male) �5.8 � 1.5***
Maternal age (year) 0.04 � 0.2
Gravidity (yes/no) �3.7 � 1.9†

Adjusted birthweighta 0.003 � 0.002†

Gestational age (week) �0.2 � 0.6
Alcohol (frequency) �0.09 � 0.9
Tobacco (frequency) 0.1 � 1.4
Crowding (ratio) �0.4 � 0.4
Recent Stress (count) 1.5 � 0.8†

Past Stress (count) 1.0 � 1.2
Maternal GHQ (score) �0.04 � 0.06
Assets (count) �0.2 � 0.5
Maternal education (count) �0.8 � 0.9
Social support (count) �0.9 � 0.9
Intercept 43.9 � 1.2*** 62.9 � 24.4*
Model R2 0.0063 0.1071

Model 3 Model 4 Model 5

Prenatal stress (count) 0.9 � 1.3 4.8 � 1.6** 0.1 � 0.5
Prenatal stress 9 Social support �0.1 � 0.4
Prenatal stress 9 Maternal age �0.2 � 0.1**
Prenatal stress 9 Past Stress 1.2 � 0.6*
Gender (male) �5.8 � 1.5 �5.7 � 1.4*** �5.7 � 1.5***
Maternal age (year) 0.1 � 0.2 0.4 � 0.2* 0.7 � 0.2
Gravidity (yes/no) �3.6 � 1.9† �3.6 � 1.9† �3.8 � 1.9†

Adjusted birthweighta 0.003 � 0.002† 0.003 � 0.002* 0.003 � 0.002†

Gestational age (week) �0.2 � 0.6 �0.1 � 0.6 �0.2 � 0.6
Alcohol (frequency) �0.1 � 0.9 �0.004 � 0.9 �3.8 � 1.9
Tobacco (frequency) 0.1 � 1.4 0.1 � 1.4 �0.1 � 1.4
Crowdingb (ratio) �0.4 � 0.4 �0.3 � 0.4 �0.3 � 0.4
Recent Stress (count) 1.5 � 0.8† 1.5 � 0.8† 1.5 � 0.8†

Past Stress (count) 1.0 � 1.2 0.9 � 1.2 �1.6 � 1.7
Maternal GHQ (score) �0.03 � 0.06 �0.03 � 0.1 �0.04 � 0.06
Assets (count) �0.2 � 0.5 �0.3 � 0.5 �0.1 � 0.5
Maternal education (count) �0.8 � 0.9 �0.7 � 0.9 �0.7 � 0.9
Social support (count) �0.7 � 1.4 �1.1 � 0.9 �0.9 � 0.9
Intercept 62.5 � 24.6* 50.9 � 24.6* 61.7 � 24.3*
Model R2 0.1073 0.1288 0.1210

aBirthweight adjusted for gestational age.
bNumber of household inhabitants/rooms used for sleeping.
†p < .1 *p < .05 **p < .01 ***p < .001.
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intergenerational effects of prenatal stress, however,
are significant when the moderating effects of past
traumatic life events and maternal age on prenatal
stress were independently assessed. We also find
that female children faced greater psychiatric risk
compared with males, and social support during
pregnancy was not a significant moderator of the
pathway between prenatal stress and later life psy-
chiatric morbidity.

Female children exhibited elevated psychiatric risk
relative to males in our sample, a pattern seen
consistently across the literature and in our sample.
During adolescence, young women across the
world are twice as likely as men to develop depres-
sion (Salk, Hyde, & Abramson, 2017; Thapar,
Collishaw, Pine, & Thapar, 2012) and other mental
health conditions (De Vries, Davids, Mathews,
& Aarø, 2018; Van Droogenbroeck, Spruyt, &

Figure 2 Interaction effect between prenatal stress and maternal age predicting psychiatric risk. 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 = .008). There were significant main
effects for prenatal stress and maternal age

Figure 3 Interaction effect between prenatal stress and past household stress and trauma in the past year predicting psychiatric risk. This
figure demonstrates the interaction effect between prenatal stress and past 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 = .0343). There were no significant main effects for prenatal stress and recent stress. [Corrections made on 08 August 2022, after first
online publication: Figure 3 has been replaced in this version to correct errors in the title and the legend.]
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Keppens, 2018; Wu et al., 2010). The stark elevation
in female adolescent depression is understood to be
influenced by a complex interplay between negative
cognitive style, increased biological vulnerability,
and negative affectivity that occur during puberty
(Hyde et al., 2008). These interacting mechanisms of
depressive vulnerability are further exacerbated due
to stressful life events and broader societal condi-
tions of gender-based discrimination and violence.
Past research in Bt20+ and South Africa corrobo-
rates the increased risk for depression and other
mental health conditions in young women (Fernan-
der et al., 2006; Meehan, Peirson, & Fridjhon, 2007;
Richter, Ahun, Besharati, Naicker, & Orri, 2021; Sui
et al., 2021).

Our findings on the interaction between prenatal
stress and younger maternal age corroborate past
research, which highlights the numerous socioeco-
nomic, gendered, and social adversities faced by
younger pregnant mothers in Soweto and other
communities in South Africa (Makola, 2011;
Macleod, 1999; Richter et al., 2006; Willan, 2013).
Young motherhood in Soweto is understood to be a
highly stigmatised and morally compromised status
and a period of greater vulnerability to certain forms
of violence in the township and other communities in
South Africa (Panday, Makiwane, Ranchod, & Let-
soalo, 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 (Macleod, 1999;
Makola, 2011; Richter et al., 2006; Willan, 2013).
Past studies have reported that infants of young
teenage mothers were lighter at birth relative to
neonates from older mothers (Cameron, Richter,
McIntyre, Dhlamini, & Garstang, 1996; Fraser,
Brockert, & Ward, 1995; Rothberg, Shuenyane, Lits,
& Strebel, 1991). The long-term developmental
effects of lower birthweight are well-documented –
lower birthweight is associated with increased risk
for a wide range of adolescent and adult mental
illness risk across the lifecourse (Abel et al., 2010;
Barker, 2004; Lærum et al., 2019; Orri et al., 2019).

Results also show that adjusted birthweight, but
not gestational age, is an important predictor of later
life psychiatric morbidity in this sample. Interest-
ingly, adjusted birthweight was positively and sig-
nificantly related to late adolescent/early adulthood
psychiatric morbidity. Our finding, however, that
adjusted birthweight strengthens the coefficient on
prenatal stress after inclusion into the model pro-
vides preliminary evidence that fetal growth may not
be involved in the relationship between prenatal
stress and adolescent psychiatric morbidity. The
direct effect of adjusted birthweight on psychiatric
morbidity at 18, however, conflicts with past litera-
ture on the fetal origins hypothesis that suggests
that adverse intrauterine exposures and lower birth-
weight, potentially due to stress-induced alterations

in gestational neuroendocrine activity, can durably
impact health, development, and disease risk in
the next generation (Kuzawa, 2008; Monk,
Lugo-Candelas, & Trumpff, 2019; O’Donnell &
Meaney, 2017). While we are unsure of the reasons
underlying the direct relationship between adjusted
birthweight and later-life psychiatric risk, a small
handful of studies have found similar associations
between heavier birthweights (among non-
macrosomic babies) and greater psychiatric risk in
thefuture(Gunnell,Rasmussen,Fouskakis,Tynelius,
& Harrison, 2003; van Mil et al., 2015; Wegelius
et al., 2013). 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, Rosati, Sarti, Cruciani, &
Cutuli, 2007), yet there were no significant sex differ-
ences in gestational age nor birthweights in this sam-
ple.

Finally, we find 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 psychi-
atric 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 mem-
bership.

Psychologists have emphasised 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,
Dunkel-Schetter, Sandman, & Wadhwa, 2000;
Orr, 2004) and lower child adiposity (Katzow, Mes-
sito, Mendelsohn, Scott, & Gross, 2019). 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 chil-
dren (Spann, Bansal, Hao, Rosen, & Peter-
son, 2020). Finally, early evidence suggest that
prenatal social support may buffer against the
impacts of maternal stress and contribute to health-
ier cortisol regulation (Field, Diego, Delgado, &
Medina, 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.
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Evidence for prenatal stress-linked stress
sensitisation in late adolescence/early adulthood

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 prena-
tal stress and psychiatric morbidity is stronger in
children with greater household traumatic events,
provides supporting evidence for the stress sensiti-
sation hypothesis (Hammen et al., 2000; McLaugh-
lin, Conron, Koenen, & Gilman, 2010; Van den
Bergh et al., 2008). In our study, it is only after
interacting with elevated levels of past stress that the
long-term sensitising effects of prenatal stress on
later life psychiatric morbidity become apparent.

The stress sensitising 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 6 months) because of the
nature of the experiences queried by each measure.
Reported by the mother during the survey, our
composite measure of past stress consisted of six
questions assessing a collection of objective trau-
matic events that are more likely to have household-
level impacts specifically on the index child com-
pared with the events assessed in the recent stress
variable. Also reported by the mother, our measure
of recent stress may also query household experi-
ences that may have marginal to no impact on the
index child’s psychiatric morbidity. These experi-
ences include unemployment, divorce, or death of a
relative. Nevertheless, our data show interesting
stress sensitisation effects due to the interaction
between prenatal stress and household stress expo-
sure from the past year.

Our findings advance the literature on stress
sensitisation in a number of ways. First, we find
that prenatal stress may be an important factor in
shaping postnatal stress sensitivity up to 18 years
after birth. A large portion of studies that report
evidence for stress sensitisation have identified long-
term effects due to stress and trauma during child-
hood (Heim et al., 2019; Kendler, Kuhn, &
Prescott, 2004; McLaughlin et al., 2010). A small
yet growing number of studies have identified stress
sensitisation effects associated with prenatal stress
(Entringer et al., 2009; Gutteling et al., 2005; Ping
et al., 2020). Second, our results report evidence for
greater prenatal stress-linked stress vulnerability in
late adolescence and early adulthood, 17–18 years
after fetal exposure to maternal stress. This finding
suggests that the stress sensitising effects of prena-
tal stress may extend further into the lifecourse, as
most studies on prenatal stress-linked stress sensi-
tisation have identified outcomes among infants,

children, and young adolescents. One exception is a
study by Entringer et al. (2009) who identified asso-
ciations between retrospectively reported experi-
ences of maternal prenatal stress and
neuroendocrine stress reactivity in young adult
offspring.

Potential mechanisms underlying prenatal stress-
linked stress sensitisation and psychiatric outcomes
in late adolescence/early adulthood

Given these data and existing findings on the fetal
origins of late adolescent and early adult psy-
chopathology, there are two possible developmental
mechanisms that may facilitate the lasting impacts
of prenatal stress on future psychiatric morbidity.
First, greater histories of prenatal stress may
increase the severity of behavioural and psychiatric
conditions that increase emotional and biological
sensitisation to future stressors and adverse events,
such as depression, anxiety, and other mood disor-
ders. Additionally, the major symptoms of depres-
sion, such as persistent feelings of victimisation,
learned hopelessness and helplessness, and nega-
tive appraisal (Folkman, Lazarus, Gruen, &
DeLongis, 1986; Peterson & Seligman, 1983) may
have elevated individual sensitivity to and appraisal
of recent stressful events (Medrano & Hatch, 2005;
Peterson & Seligman, 1983) and neuroendocrine
sensitisation (Stroud, Davila, Hammen, & Vrshek-
Schallhorn, 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.

Second, increased severity of prenatal stress may
cause durable increases in psychological and phys-
iological 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 devel-
oping 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
during pregnancy were more likely to have children
with flattened diurnal cortisol slopes, which pre-
dicted depression in female adolescents (Van den
Bergh et al., 2008). The growing literature on the
long-term health effects of prenatal stress is consis-
tent 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,
Janlert, Theorell, & Hammarström, 2010; Heim &
Binder, 2012; Taylor, 2010). While we cannot com-
pletely 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,
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cytokines, etc.), multiple stress-sensitive biological
pathways likely contribute to elevations in psychi-
atric risk at the same time.

Another possibility is that prenatal stress may be
indicative of larger and longer-term socioeconomic
patterns of mothers and children in Soweto. Sub-
stantial evidence illustrates the durable impacts of
poverty and material deprivation during pregnancy.
Chronically low socioeconomic status between ges-
tation and adulthood predicted flatter diurnal corti-
sol rhythms in a large sample of Filipino adults
(Desantis, Kuzawa, & Adam, 2015). Future longitu-
dinal research is needed to determine the underlying
stress physiological mechanisms by which prenatal
stress influences future stress sensitivity and psy-
chopathological morbidity.

In many past published studies of the lifecourse
impacts of prenatal stress, the source of maternal
social adversity stem from violent and oppressive
conditions linked with political turmoil, war, famine,
and numerous forms of social inequality (Kertes
et al., 2016; Kim, Nyengerai, & Mendenhall, 2022;
Roseboom, de Rooij, & Painter, 2006; Yehuda
et al., 2016). 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 subse-
quent generation (Barbarin & Richter, 2013;
Kuzawa & Sweet, 2009). These developmental path-
ways and health consequences of embodied trauma
may represent mechanisms that drive mental health
inequalities and disproportionately impact margin-
alised 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 colonial-
ism, structural violence, and historical traumas,
such as apartheid, must be recognised and
addressed to prevent future mental health inequities
from emerging.

Limitations
Our study is not without limitations. Unfortu-
nately, the timeframe of the queried stress expo-
sure 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
stress physiological function to understand the
potential developmental and physiological effects
on the child. While we take advantage of data from
a prospectively designed longitudinal study, our
sampling strategy may have introduced bias into

our analysis due to attrition and the missingness
of data. Also, our single measure of mental health
prevented us from identifying individuals with
chronically high levels of psychiatric morbidity,
which may have biased the estimates of our
associations away from the null. We also did not
record the language used to conduct the survey
interviews in the 2007 data collection wave when
psychiatric morbidity was assessed, which may
have introduced biased due to issues of cultural
meaning and linguistic translation of mental health
experiences. Additional maternal influences during
the child’s development between birth and 17 years
old which were unmeasured in this analysis may
have also shaped the child’s psychiatric morbidity
at age 17.

Additionally, our measures of recent stress from
the past six months, stressful life events from the
past year, and prenatal social support did not
exceed the acceptable level of internal reliability
(a = 0.6). The surveys assessing recent and past
stress also queried different sets of stressors, which
limited our ability to identify whether the timing or
content of postnatal stress affected our stress
sensitisation and psychiatric outcomes. Because
these two stress measures were endorsed by the
mother rather than the index child, the degree to
which these stressors affected the index child is
unknown. However, the composite measure of past
stress assessed a collection of objective traumatic
and stressful life events that were more likely to
have household-level impacts on the index child
compared with the events assessed in the recent
stress variable, which may explain why we detected
stress sensitisation effects as a result of our mea-
sure of past, rather than recent, stress. Notwith-
standing, these stressful life events were vital to
consider in our secondary data analysis given the
normalcy of social adversity and interpersonal
violence in our sample at the time of data collec-
tion.

Conclusions
In this analysis of the intergenerational mental
health impacts of prenatal stress in a large birth
cohort in Soweto, South Africa, we find that prenatal
stress is associated with greater vulnerability to the
adverse psychological impacts of future stressors
during late adolescence and young adulthood, 17-
18 years after fetal exposure to maternal stress. Our
data show that greater prenatal stress from apart-
heid predicted adverse psychiatric outcomes among
children born to younger mothers and adolescents
and young adults who experienced greater house-
hold stress in the past year. These findings suggest
that greater prenatal stress may adversely affect late
adolescent and young adult mental health, have
stress-sensitising effects in children, and represent
possible intergenerational effects of trauma
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experienced under apartheid in this sample of South
African mothers and children in Soweto.
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Key points

� South Africa’s rates of mental, neurological, and substance use disorders are among the highest in sub-
Saharan Africa.

� Growing evidence suggests that prenatal stress exposure may elevate one’s risk for psychopathology across
the lifecourse.

� 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.

� Prenatal stress may affect adolescent mental health, have stress-sensitising effects, and represent possible
intergenerational effects of trauma experienced under apartheid in this sample.

� The degree, frequency, and timing of gestational trauma exposure may increase future psychopathological
risk, and underlying stress physiological processes are potential candidate mechanisms for intervention.

References
Abbott, P.W., Gumusoglu, S.B., Bittle, J., Beversdorf, D.Q., &

Stevens, H.E. (2018). Prenatal stress and genetic risk: How
prenatal stress interacts with genetics to alter risk for
psychiatric illness. Psychoneuroendocrinology, 90, 9–21.

Abel, K.M., Wicks, S., Susser, E.S., Dalman, C., Pedersen,
M.G., Mortensen, P.B., & Webb, R.T. (2010). Birth weight,
schizophrenia, and adult mental disorder: Is risk confined to
the smallest babies? Archives of General Psychiatry, 67,
923–930.

Adamakos, H., Ryan, K., Ullman, D.G., Pascoe, J., Diaz, R., &
Chessare, J. (1986). Maternal social support as a predictor
of mother-child stress and stimulation. Child Abuse &
Neglect, 10, 463–470.

Adjaye-Gbewonyo, K., Avendano, M., Subramanian, S.V., &
Kawachi, I. (2016). Income inequality and depressive symp-
toms in South Africa: A longitudinal analysis of the National
Income Dynamics Study. Health & Place, 42, 37–46.

Adonis, C.K. (2016). Exploring the salience of intergenerational
trauma among children and grandchildren of victims of
apartheid-era gross human rights violations. Indo-Pacific
Journal of Phenomenology, 16, 163–179.

Allen, J., Balfour, R., Bell, R., & Marmot, M. (2014). Social
determinants of mental health. International Review of
Psychiatry, 26, 392–407.

Barbarin, O.A., & Richter, L.M. (2013). Mandela’s children:
Growing up in post-apartheid South Africa. Abingdon-on-
Thames, UK: Routledge.

Barker, D.J.P. (2004). The developmental origins of adult
disease. Journal of the American College of Nutrition, 23
(sup6), 588S–595S.

Barker, D.J. (1999). Fetal origins of cardiovascular disease.
Annals of Medicine, 31(Suppl 1), 3–6.

Beinart, W. (2001). Twentieth-century South Africa. Oxford:
OUP.

Betts, K.S., Williams, G.M., Najman, J.M., & Alati, R. (2015).
The relationship between maternal depressive, anxious, and
stress symptoms during pregnancy and adult offspring

behavioural and emotional problems. Depression and Anx-
iety, 32, 82–90.

Bluen, S.D., & Odesnik, J. (1988). Township unrest: Develop-
ment of the township life events scale. South Africa Journal
of Psychology, 18, 50–57.

Bosch, N.M., Riese, H., Reijneveld, S.A., Bakker, M.P., Ver-
hulst, F.C., Ormel, J., & Oldehinkel, A.J. (2012). Timing
matters: Long term effects of adversities from prenatal
period up to adolescence on adolescents’ cortisol stress
response. The TRAILS study. Psychoneuroendocrinology, 37,
1439–1447.

Breslau, J., Gilman, S.E., Stein, B.D., Ruder, T., Gmelin, T., &
Miller, E. (2017). Sex differences in recent first-onset
depression in an epidemiological sample of adolescents.
Translational Psychiatry, 7, e1139.

Cameron, N., Richter, L., McIntyre, J., Dhlamini, N., &
Garstang, L. (1996). Progress report: Teenage pregnancy
and birth outcome in Soweto. Unpublished report, University
of the Witwatersrand.

Cohen, S., & Wills, T.A. (1985). Stress, social support, and the
buffering hypothesis. Psychological Bulletin, 98, 310–357.

Cruwys, T., Dingle, G.A., Haslam, C., Haslam, S.A., Jetten, J.,
& Morton, T.A. (2013). Social group memberships protect
against future depression, alleviate depression symptoms
and prevent depression relapse. Social Science & Medicine,
98, 179–186.

Davis, E.P., Hankin, B.L., Glynn, L.M., Head, K., Kim, D.J., &
Sandman, C.A. (2020). Prenatal maternal stress, child
cortical thickness, and adolescent depressive symptoms.
Child Development, 91, e432–e450.

De Mola, C.L., De Franc�a, G.V.A., de Avila Quevedo, L., &
Horta, B.L. (2014). Low birth weight, preterm birth and
small for gestational age association with adult depression:
Systematic review and meta-analysis. The British Journal of
Psychiatry, 205, 340–347.

De Vries, P.J., Davids, E.L., Mathews, C., & Aarø, L.E. (2018).
Measuring adolescent mental health around the globe:
Psychometric properties of the self-report Strengths and
Difficulties Questionnaire in South Africa, and comparison

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

doi:10.1111/jcpp.13672 Prenatal stress under apartheid and adult mental health in South Africa 121



with UK, Australian and Chinese data. Epidemiology and
Psychiatric Sciences, 27, 369–380.

Desantis, A.S., Kuzawa, C.W., & Adam, E.K. (2015). Develop-
mental origins of flatter cortisol rhythms: Socioecono.

Di Renzo, G.C., Rosati, A., Sarti, R.D., Cruciani, L., & Cutuli,
A.M. (2007). Does fetal sex affect pregnancy outcome?
Gender Medicine, 4, 19–30.

Docrat, S., Besada, D., Cleary, S., Daviaud, E., & Lund, C.
(2019). Mental health system costs, resources and con-
straints in South Africa: A national survey.Health Policy and
Planning, 34(9), 706–719.

Dunkel Schetter, C. (2011). Psychological science on preg-
nancy: Stress processes, biopsychosocial models, and
emerging research issues. Annual Review of Psychology,
62, 531–558.

Entringer, S., Khumsta, R., Hellhammer, H.D., Wadhwa, D.P.,
& Wust, S. (2009). Prenatal exposure to maternal psychoso-
cial stress and HPA axis regulation in young adults.
Hormones and Behaviour, 55, 292–298.

Feldman, P.J., Dunkel-Schetter, C., Sandman, C.A., & Wad-
hwa, P.D. (2000). Maternal social support predicts birth
weight and fetalgrowth in human pregnancy. Psychosomatic
Medicine, 62, 715–725.

Field, T., Diego, M., Delgado, J., & Medina, L. (2013). Yoga and
social support reduce prenatal depression, anxiety and
cortisol. Journal of Bodywork and Movement Therapies, 17,
397–403.

Filmer, D., & Pritchett, L. (1999). The effect of household
wealth on educational attainment: Evidence from 35 coun-
tries. Population and Development Review, 25, 85–120.

Folkman, S., Lazarus, R.S., Gruen, R.J., & DeLongis, A.
(1986). Appraisal, coping, health status, and psychological
symptoms. Journal of Personality and Social Psychology, 50
(3), 571.

Fraser, A.M., Brockert, J.E., & Ward, R.H. (1995). Association
of young maternal age with adverse reproductive outcomes.
New England Journal of Medicine, 332(17), 1113–1118.

Gibbs, A., Jewkes, R., Willan, S., & Washington, L. (2018).
Associations between poverty, mental health and substance
use, gender power, and intimate partner violence amongst
young (18-30) women and men in urban informal settle-
ments in South Africa: A cross-sectional study and struc-
tural equation model. PLoS One, 13, e0204956.

Global Burden of Disease Collaborative Network. (2017).
Global Burden of Disease Study 2017. Institute for Health
Metrics and Evaluation (IHME). Available from: https://
vizhub.healthdata.org/gbd-compare/.

Gluckman, P.D., & Hanson, M.A. (2004). Maternal constraint
of fetal growth and its consequences. Seminars in Fetal and
Neonatal medicine, 9, 419–425.

Goldberg, D.P., & Hillier, V.F. (1979). A scaled version of the
General Health Questionnaire. Psychological Medicine, 9,
139–145.

Graignic-Philippe, R., Dayan, J., Chokron, S., Jacquet, A.Y., &
Tordjman, S. (2014). Effects of prenatal stress on fetal and
child development: A critical literature review. Neuroscience
& Biobehavioral Reviews, 43, 137–162.

Gunnell, D., Rasmussen, F., Fouskakis, D., Tynelius, P., &
Harrison, G. (2003). Patterns of fetal and childhood growth
and the development of psychosis in young males: A cohort
study. American Journal of Epidemiology, 158, 291–300.

Gustafsson, P.E., Janlert, U., Theorell, T., & Hammarstr€om, A.
(2010). Life-course socioeconomic trajectories and diurnal
cortisol regulation in adulthood. Psychoneuroendocrinology,
35(4), 613–623.

Gutteling, B.M., de Weerth, C., & Buitelaar, J.K. (2005).
Prenatal stress and children’s cortisol reaction to the first
day of school. Psychoneuroendocrinology, 30, 541–549.

Hammen, C., Henry, R., & Daley, S.E. (2000). Depression and
sensitization to stressors among young women as a function

of childhood adversity. Journal of Consulting and Clinical
Psychology, 68, 782–787.

Heim, C., & Binder, E.B. (2012). Current research trends in
early life stress and depression: Review of human studies on
sensitive periods, gene–environment interactions, and epi-
genetics. Experimental Neurology, 233(1), 102–111.

Heim, C.M., Entringer, S., & Buss, C. (2019). Translating basic
research knowledge on the biological embedding of early-life
stress into novel approaches for the developmental pro-
gramming of lifelong health. Psychoneuroendocrinology,
105, 123–137.

Hentges, R.F., Graham, S.A., Plamondon, A., Tough, S., &
Madigan, S. (2019). A developmental cascade from prenatal
stress to child internalizing and externalizing problems.
Journal of Pediatric Psychology, 44, 1057–1067.

Huizink, A.C., & De Rooij, S.R. (2018). Prenatal stress and
models explaining risk for psychopathology revisited: Gen-
eric vulnerability and divergent pathways. Development and
Psychopathology, 30, 1041–1062.

Ilg, L., Kirschbaum, C., Li, S.C., Rosenl€ocher, F., Miller, R., &
Alexander, N. (2019). Persistent effects of antenatal syn-
thetic glucocorticoids on endocrine stress reactivity from
childhood to adolescence. The Journal of Clinical Endocrinol-
ogy & Metabolism, 104(3), 827–834.

Isaksson, J., Deyessa, N., Berhane, Y., & H€ogberg, U. (2017).
Early adversity and psychiatric symptoms–a prospective
study on Ethiopian mothers and their children. BMC
Psychiatry, 17, 1–7.

Isaksson, J., Lindblad, F., Valladares, E., & H€ogberg, U.
(2015). High maternal cortisol levels during pregnancy are
associated with more psychiatric symptoms in offspring at
age of nine–A prospective study from Nicaragua. Journal of
Psychiatric Research, 71, 97–102.

Katzow, M., Messito, M.J., Mendelsohn, A.L., Scott, M.A., &
Gross, R.S. (2019). The Protective Effect of Prenatal Social
Support on Infant Adiposity in the First 18 Months of Life.
The Journal of Pediatrics, 209, 77–84.

Kendler, K.S., Kuhn, J.W., & Prescott, C.A. (2004). Childhood
sexual abuse, stressful life events and risk for major
depression in women. Psychological Medicine, 34, 1475–
1482.

Kertes, D.A., Kamin, H.S., Hughes, D.A., Rodney, N.C., Bhatt,
S., & Mulligan, C.J. (2016). Prenatal maternal stress
predicts methylation of genes regulating the hypothalamic–
pituitary–adrenocortical system in mothers and newborns in
the Democratic Republic of Congo. Child Development, 87,
61–72.

Kim, A.W. (2020). How should we study intergenerational
trauma? Reflections on a 30-year birth cohort study in
Soweto. Somatosphere: South Africa.

Kim, A.W., Nyengerai, T., & Mendenhall, E. (2022). Evaluating
the mental health impacts of the COVID-19 pandemic:
Perceived risk of COVID-19 infection and childhood trauma
predict adult depressive symptoms in urban South Africa.
Psychological Medicine, 52(8), 1587–1599.

Koss, K.J., & Gunnar, M.R. (2018). Annual research review:
Early adversity, the hypothalamic–pituitary–adrenocortical
axis, and child psychopathology. Journal of Child Psychology
and Psychiatry, 59(4), 327–346.

Krontira, A.C., Cruceanu, C., & Binder, E.B. (2020). Gluco-
corticoids as mediators of adverse outcomes of prenatal
stress. Trends in Neurosciences, 43, 394–405.

Kuzawa, C.W. (2008). Evolution and health. In The develop-
mental origins of adult health: Intergenerational inertia in
adaptation and disease (pp. 325–349). Oxford, UK: Oxford
University Press.

Kuzawa, C.W., & Kim, A.W. (2022). Early environments,
developmental plasticity, and chronic degenerative disease.
In Human growth and development (pp. 449–468). Cam-
bridge, MA: Academic Press.

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

122 Andrew Wooyoung Kim et al. J Child Psychol Psychiatr 2023; 64(1): 110–124

https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/


Kuzawa, C.W., & Sweet, E. (2009). Epigenetics and the
embodiment of race: Developmental origins of US racial
disparities in cardiovascular health. American Journal of
Human Biology: The Official Journal of the Human Biology
Association, 21, 2–15.

Lærum, A.M., Reitan, S.K., Evensen, K.A.I., Lydersen, S.,
Brubakk, A.M., Skranes, J., & Indredavik, M.S. (2019).
Psychiatric symptoms and risk factors in adults born
preterm with very low birthweight or born small for gesta-
tional age at term. BMC Psychiatry, 19, 223.

Lipner, E., Murphy, S.K., & Ellman, L.M. (2019). Prenatal
maternal stress and the cascade of risk to schizophrenia
spectrum disorders in offspring. Current Psychiatry Reports,
21, 99.

Luecken, L.J., Lin, B., Coburn, S.S., MacKinnon, D.P., Gon-
zales, N.A., & Crnic, K.A. (2013). Prenatal stress, partner
support, and infant cortisol reactivity in low-income Mexican
American families. Psychoneuroendocrinology, 38, 3092–
3101.

MacKinnon, N., Kingsbury, M., Mahedy, L., Evans, J., &
Colman, I. (2018). The association between prenatal stress
and externalizing symptoms in childhood: Evidence from the
Avon Longitudinal Study of Parents and Children. Biological
Psychiatry, 83, 100–108.

Macleod, C. (1999). Teenage pregnancy and its ‘negative’
consequences: Review of South African research—Part 1.
South Africa Journal of Psychology, 29, 1–7.

Makola, M.P. (2011). Teenage pregnancy: Views of par-
ents/caregivers, teenagers and teachers at two high schools
in Soweto, Gauteng. Masters of Arts. Johannesburg: Univer-
sity of the Witwatersrand.

McKenna, B.G., Hammen, C., & Brennan, P.A. (2021). HPA-
axis multilocus genetic profile score moderates the associ-
ation between maternal prenatal perceived stress and
offspring depression in early adulthood. Development and
Psychopathology, 33, 122–134.

McLaughlin, K.A., Conron, K.J., Koenen, K.C., & Gilman, S.E.
(2010). Childhood adversity, adult stressful life events, and
risk of past-year psychiatric disorder: A test of the stress
sensitization hypothesis in a population-based sample of
adults. Psychological Medicine, 40(10), 1647–1658.

McQuaid, G.A., Darcey, V.L., Avalos, M.F., Fishbein, D.H., &
VanMeter, J.W. (2019). Altered cortical structure and psy-
chiatric symptom risk in adolescents exposed to maternal
stress in utero: A retrospective investigation. Behavioural
Brain Research, 375, 112145.

Medrano, M.A., & Hatch, J.P. (2005). Childhood trauma,
sexually transmitted diseases and the perceived risk of
contracting HIV in a drug using population. The American
Journal of Drug and Alcohol Abuse, 31(3), 403–416.

Meehan, S.A., Peirson, A., & Fridjhon, P. (2007). Suicide
ideation in adolescent South Africans: The role of gender and
coping strategies. South Africa Journal of Psychology, 37,
552–575.

Monk, C., Lugo-Candelas, C., & Trumpff, C. (2019). Prenatal
developmental origins of future psychopathology: Mecha-
nisms and pathways. Annual Review of Clinical Psychology,
15, 317.

Moomal, H., Jackson, P.B., Stein, D.J., Herman, A., Myer, L.,
Seedat, S., Madela-Mntla, E., & Williams, D.R. (2009).
Perceived discrimination and mental health disorders: The
South African Stress and Health study. South African
Medical Journal, 99(5), 383–389.

Myer, L., Smit, J., Roux, L.L., Parker, S., Stein, D.J., & Seedat,
S. (2008). Common mental disorders among HIV-infected
individuals in South Africa: Prevalence, predictors, and
validation of brief psychiatric rating scales. AIDS Patient
Care and STDs, 22, 147–158.

Norris, S.A., Richter, L.M., & Fleetwood, S.A. (2007).
Panel studies in developing countries: Case analysis of
sample attrition over the past 16 years within the Birth to

Twenty cohort in Johannesburg, South Africa. Journal of
International Development, 19, 1–8.

Oberlander, T.F., Weinberg, J., Papsdorf, M., Grunau, R.,
Misri, S., & Devlin, A.M. (2008). Prenatal exposure to
maternal depression, neonatal methylation of human glu-
cocorticoid receptor gene (NR3C1) and infant cortisol stress
responses. Epigenetics, 3, 97–106.

O’Donnell, K.J., Glover, V., Holbrook, J.D., & O’Connor, T.G.
(2014). Maternal prenatal anxiety and child brain-derived
neurotrophic factor (BDNF) genotype: Effects on internaliz-
ing symptoms from 4 to 15 years of age. Development and
Psychopathology, 26(4pt2), 1255–1266.

O’Donnell, K.J., Glover, V., Jenkins, J., Browne, D., Ben-
Shlomo, Y., Golding, J., & O’Connor, T.G. (2013). Prenatal
maternal mood is associated with altered diurnal cortisol in
adolescence. Psychoneuroendocrinology, 38, 1630–1638.

O’Donnell, K.J., & Meaney, M.J. (2017). Fetal origins of mental
health: The developmental origins of health and disease
hypothesis. American Journal of Psychiatry, 174(4), 319–
328.

Orr, S.T. (2004). Social support and pregnancy outcome: A
review of the literature. Clinical Obstetrics and Gynecology,
47, 842–855.

Orri, M., Gunnell, D., Richard-Devantoy, S., Bolanis, D.,
Boruff, J., Turecki, G., & Geoffroy, M.C. (2019). In-utero
and perinatal influences on suicide risk: A systematic review
and meta-analysis. The Lancet Psychiatry, 6, 477–492.

Panday, S., Makiwane, M., Ranchod, C., & Letsoalo, T. (2009).
Teenage pregnancy in South Africa - with a specific focus on
school-going learners. In Child, Youth, Family and Social
Development, Human Sciences Research Council. Pretoria:
Department of Basic Education.

Patel, V., Flisher, A.J., Hetrick, S., & McGorry, P. (2007).
Mental health of young people: A global public-health
challenge. The Lancet, 369, 1302–1313.

Peterson, C., & Seligman, M.E. (1983). Learned helplessness
and victimization. Journal of Social Issues, 39(2), 103–116.

Pine, D.S., Cohen, P., Gurley, D., Brook, J., & Ma, Y. (1998).
The risk for early-adulthood anxiety and depressive disor-
ders in adolescents with anxiety and depressive disorders.
Archives of General Psychiatry, 55, 56–64.

Ping, E.Y., Laplante, D.P., Elgbeili, G., Jones, S.L., Brunet, A.,
& King, S. (2020). Disaster-related prenatal maternal stress
predicts HPA reactivity and psychopathology in adolescent
offspring: Project Ice Storm. Psychoneuroendocrinology,
104697, 104697.

Ramchandani, P.G., Richter, L.M., Norris, S.A., & Stein, A.
(2010). Maternal prenatal stress and later child behavioral
problems in an urban South African setting. Journal of the
American Academy of Child & Adolescent Psychiatry, 49,
239–247.

Rice, F., Harold, G.T., Boivin, J., Van den Bree, M., Hay, D.F.,
& Thapar, A. (2010). The links between prenatal stress and
offspring development and psychopathology: Disentangling
environmental and inherited influences. Psychological Med-
icine, 40, 335–345.

Richter, L.M., Ahun, M.N., Besharati, S., Naicker, S.N., & Orri,
M. (2021). Adolescent mental health problems and adult
human capital: Findings from the South African Birth to
Twenty Plus Cohort at 28 years of age. Journal of Adolescent
Health, 69, 782–789.

Richter, L.M., Norris, S.A., & Ginsburg, C. (2006). The silent
truth of teenage pregnancies–Birth to Twenty cohort’s next
generation. South African Medical Journal, 96, 122.

Roseboom, T., de Rooij, S., & Painter, R. (2006). The Dutch
famine and its long-term consequences for adult health.
Early Human Development, 82(8), 485–491.

Rothberg, A.D., Shuenyane, E., Lits, B., & Strebel, P.M.
(1991). Effect of stress on birth weight in two Johannes-
burg populations. South African Medical Journal, 79, 35–
38.

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

doi:10.1111/jcpp.13672 Prenatal stress under apartheid and adult mental health in South Africa 123



Salk, R.H., Hyde, J.S., & Abramson, L.Y. (2017). Gender
differences in depression in representative national samples:
Meta-analyses of diagnoses and symptoms. Psychological
Bulletin, 143, 783–822.

Sawyer, S.M., Afifi, R.A., Bearinger, L.H., Blakemore, S.J.,
Dick, B., Ezeh, A.C., & Patton, G.C. (2012). Adolescence: A
foundation for future health. The Lancet, 379, 1630–1640.

Serpeloni, F., Radtke, K.M., Hecker, T., Sill, J., Vukojevic, V.,
Assis, S.G.D., . . . & N€att, D. (2019). Does prenatal stress
shape postnatal resilience?–an epigenome-wide study on
violence and mental health in humans. Frontiers in Genetics,
10, 269.

Spann, M.N., Bansal, R., Hao, X., Rosen, T.S., & Peterson, B.S.
(2020). Prenatal socioeconomic status and social support
are associated with neonatal brain morphology, toddler
language and psychiatric symptoms. Child Neuropsychol-
ogy, 26, 170–188.

Stevens, G., Eagle, G., Kaminer, D., & Higson-Smith, C.
(2013). Continuous traumatic stress: Conceptual conversa-
tions in contexts of global conflict, violence and trauma.
Peace and Conflict: Journal of Peace Psychology, 19, 75–84.

Stroud, C.B., Davila, J., Hammen, C., & Vrshek-Schallhorn, S.
(2011). Severe and nonsevere events in first onsets versus
recurrences of depression: Evidence for stress sensitization.
Journal of Abnormal Psychology, 120(1), 142.

Sui, X., Massar, K., Kessels, L.T., Reddy, P.S., Ruiter, R.A., &
Sanders-Phillips, K. (2021). Violence exposure in South
African adolescents: Differential and cumulative effects on
psychological functioning. Journal of Interpersonal Violence,
36, 4084–4110.

Tak�acs, L., �Stipl, J., Gartstein, M., Putnam, S.P., & Monk, C.
(2021). Social support buffers the effects of maternal
prenatal stress on infants’ unpredictability. Early Human
Development, 157, 105352.

Taylor, S.E. (2010). Mechanisms linking early life stress to
adult health outcomes. Proceedings of the National Academy
of Sciences of the United States of America, 107, 8507–8512.

Thapar, A., Collishaw, S., Pine, D.S., & Thapar, A.K. (2012).
Depression in adolescence. The Lancet, 379, 1056–1067.

Thayer, Z.M., Wilson, M.A., Kim, A.W., & Jaeggi, A.V. (2018).
Impact of prenatal stress on offspring glucocorticoid levels: A
phylogenetic meta-analysis across 14 vertebrate species.
Scientific Reports, 8, 1–9.

Tollenaar, M.S., Beijers, R., Jansen, J., Riksen-Walraven,
J.M., & De Weerth, C. (2011). Maternal prenatal stress and
cortisol reactivity to stressors in human infants. Stress, 14,
53–65.

Van den Bergh, B.R., Van Calster, B., Smits, T., Van Huffel, S.,
& Lagae, L. (2008). Antenatal maternal anxiety is related to
HPA-axis dysregulation and self-reported depressive symp-
toms in adolescence: A prospective study on the fetalorigins
of depressed mood. Neuropsychopharmacology, 33, 536–
545.

Van Droogenbroeck, F., Spruyt, B., & Keppens, G. (2018).
Gender differences in mental health problems among ado-
lescents and the role of social support: Results from the
Belgian health interview surveys 2008 and 2013. BMC
Psychiatry, 18, 1–9.

van Mil, N.H., Steegers-Theunissen, R.P., Motazedi, E., Jan-
sen, P.W., Jaddoe, V.W., Steegers, E.A., . . . & Tiemeier, H.
(2015). Low and high birth weight and the risk of child
attention problems. The Journal of Pediatrics, 166, 862–869.

Vigo, D., Thornicroft, G., & Atun, R. (2016). Estimating the true
global burden of mental illness. The Lancet Psychiatry, 3,
171–178.

Wegelius, A., Pankakoski, M., Lehto, U., Suokas, J., H€akkinen,
L., Tuulio-Henriksson, A., . . . & Suvisaari, J. (2013). An
association between both low and high birth weight and
increased disorganized and negative symptom severity in
schizophrenia and other psychoses. Psychiatry Research,
205, 18–24.

Weinstock, M. (2008). The long-term behavioural conse-
quences of prenatal stress. Neuroscience & Biobehavioral
Reviews, 32, 1073–1086.

Willan, S. (2013). A review of teenage pregnancy in South
Africa–experiences of schooling, and knowledge and access
to sexual & reproductive health services. Reported commis-
sioned by: Partners in Sexual Health (PSH), 1–63. https://
www.hst.org.za/publications/NonHST%20Publications/
Teenage%20Pregnancy%20in%20South%20Africa%20Final
%2010%20May%202013.pdf

Williams, D.R., Gonzalez, H.M., Williams, S., Mohammed, S.A.,
Moomal, H., & Stein, D.J. (2008). Perceived discrimination,
race and health in South Africa. Social Science & Medicine,
67, 441–452.

Wu, P., Goodwin, R.D., Fuller, C., Liu, X., Comer, J.S., Cohen,
P., & Hoven, C.W. (2010). The relationship between anxiety
disorders and substance use among adolescents in the
community: Specificity and gender differences. Journal of
Youth and Adolescence, 39, 177–188.

Yehuda, R., Daskalakis, N.P., Bierer, L.M., Bader, H.N.,
Klengel, T., Holsboer, F., & Binder, E.B. (2016). Holocaust
exposure induced intergenerational effects on FKBP5
methylation. Biological Psychiatry, 80, 372–380.

Zijlmans, M.A., Riksen-Walraven, J.M., & de Weerth, C.
(2015). Associations between maternal prenatal cortisol
concentrations and child outcomes: A systematic review.
Neuroscience & Biobehavioral Reviews, 53, 1–24.

Zohsel, K., Buchmann, A.F., Blomeyer, D., Hohm, E., Schmidt,
M.H., Esser, G., . . . & Laucht, M. (2014). Mothers’ prenatal
stress and their children’s antisocial outcomes–a moderat-
ing role for the Dopamine D4 Receptor (DRD 4) gene. Journal
of Child Psychology and Psychiatry, 55, 69–76.

Accepted for publication: 10 May 2022

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

124 Andrew Wooyoung Kim et al. J Child Psychol Psychiatr 2023; 64(1): 110–124

https://www.hst.org.za/publications/NonHST%20Publications/Teenage%20Pregnancy%20in%20South%20Africa%20Final%2010%20May%202013.pdf
https://www.hst.org.za/publications/NonHST%20Publications/Teenage%20Pregnancy%20in%20South%20Africa%20Final%2010%20May%202013.pdf
https://www.hst.org.za/publications/NonHST%20Publications/Teenage%20Pregnancy%20in%20South%20Africa%20Final%2010%20May%202013.pdf
https://www.hst.org.za/publications/NonHST%20Publications/Teenage%20Pregnancy%20in%20South%20Africa%20Final%2010%20May%202013.pdf

	Outline placeholder
	 Study set�ting and par�tic�i�pants
	 Pre�na�tal stress and social sup�port
	 Demo�graphic, health, and socioe�co�nomic vari�ables
	 House�hold stress�ful life events
	 Gen�eral Health Ques�tion�naire (GHQ-28)
	 Sta�tis�ti�cal anal�y�ses
	 Test�ing mod�er�a�tors of the pre�na�tal stress-later life psy�chi�atric mor�bid�ity path�way
	jcpp13672-fig-0001
	 Pre�dic�tors of late ado�les�cent/young adult psy�chi�atric mor�bid�ity and mod�er�a�tors of the pre�na�tal stress-later life psy�chi�atric mor�bid�ity path�way
	jcpp13672-fig-0002
	jcpp13672-fig-0003
	 Evi�dence for pre�na�tal stress-linked stress sen�si�ti�sa�tion in late ado�les�cence/early adult�hood
	 Poten�tial mech�a�nisms under�ly�ing pre�na�tal stress-linked stress sen�si�ti�sa�tion and psy�chi�atric out�comes in late ado�les�cence/early adult�hood

	 Ref�er�ences
	jcpp13672-bib-0001
	jcpp13672-bib-0002
	jcpp13672-bib-0003
	jcpp13672-bib-0004
	jcpp13672-bib-0005
	jcpp13672-bib-0007
	jcpp13672-bib-0008
	jcpp13672-bib-0009
	jcpp13672-bib-0141
	jcpp13672-bib-0142
	jcpp13672-bib-0010
	jcpp13672-bib-0011
	jcpp13672-bib-0013
	jcpp13672-bib-0015
	jcpp13672-bib-0016
	jcpp13672-bib-0018
	jcpp13672-bib-0020
	jcpp13672-bib-0022
	jcpp13672-bib-0024
	jcpp13672-bib-0025
	jcpp13672-bib-0143
	jcpp13672-bib-0026
	jcpp13672-bib-0144
	jcpp13672-bib-0029
	jcpp13672-bib-0033
	jcpp13672-bib-0034
	jcpp13672-bib-0035
	jcpp13672-bib-0036
	jcpp13672-bib-0145
	jcpp13672-bib-0146
	jcpp13672-bib-0037
	jcpp13672-bib-0038
	jcpp13672-bib-0039
	jcpp13672-bib-0041
	jcpp13672-bib-0042
	jcpp13672-bib-0043
	jcpp13672-bib-0147
	jcpp13672-bib-0044
	jcpp13672-bib-0045
	jcpp13672-bib-0148
	jcpp13672-bib-0048
	jcpp13672-bib-0049
	jcpp13672-bib-0050
	jcpp13672-bib-0149
	jcpp13672-bib-0051
	jcpp13672-bib-0052
	jcpp13672-bib-0055
	jcpp13672-bib-0056
	jcpp13672-bib-0057
	jcpp13672-bib-0058
	jcpp13672-bib-0059
	jcpp13672-bib-0151
	jcpp13672-bib-0060
	jcpp13672-bib-0062
	jcpp13672-bib-0063
	jcpp13672-bib-0064
	jcpp13672-bib-0066
	jcpp13672-bib-0067
	jcpp13672-bib-0068
	jcpp13672-bib-0069
	jcpp13672-bib-0070
	jcpp13672-bib-0072
	jcpp13672-bib-0075
	jcpp13672-bib-0152
	jcpp13672-bib-0076
	jcpp13672-bib-0153
	jcpp13672-bib-0077
	jcpp13672-bib-0154
	jcpp13672-bib-0080
	jcpp13672-bib-0081
	jcpp13672-bib-0084
	jcpp13672-bib-0085
	jcpp13672-bib-0087
	jcpp13672-bib-0088
	jcpp13672-bib-0155
	jcpp13672-bib-0089
	jcpp13672-bib-0090
	jcpp13672-bib-0092
	jcpp13672-bib-0094
	jcpp13672-bib-0156
	jcpp13672-bib-0097
	jcpp13672-bib-0099
	jcpp13672-bib-0102
	jcpp13672-bib-0103
	jcpp13672-bib-0104
	jcpp13672-bib-0105
	jcpp13672-bib-0157
	jcpp13672-bib-0108
	jcpp13672-bib-0110
	jcpp13672-bib-0111
	jcpp13672-bib-0112
	jcpp13672-bib-0114
	jcpp13672-bib-0115
	jcpp13672-bib-0158
	jcpp13672-bib-0117
	jcpp13672-bib-0118
	jcpp13672-bib-0119
	jcpp13672-bib-0120
	jcpp13672-bib-0121
	jcpp13672-bib-0122
	jcpp13672-bib-0123
	jcpp13672-bib-0125
	jcpp13672-bib-0126
	jcpp13672-bib-0127
	jcpp13672-bib-0129
	jcpp13672-bib-0130
	jcpp13672-bib-0131
	jcpp13672-bib-0132
	jcpp13672-bib-0133
	jcpp13672-bib-0134
	jcpp13672-bib-0136
	jcpp13672-bib-0137


